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ABSTRACT 

The digital image processing requirements of today’s 
industry are increasing at an astounding rate. With the 
faster satellite data transmission rates and more frequent 
data collection periods, both spatial storage and 
processing speed problems are becoming more prevalent. 
Digital image processing algorithms must be precise and 
efficient to meet these needs. This research project 
Studies the implementation of an image smoothing algorithm 
as a combination of custom tailored hardware and firmware, 
i.e., using bit slice design. 

Bit slice microprocessor design involves the 
configuration of very fast bit slice devices and the 


microprogramming necessary to command the hardware to 


perform a specific task. The result is a high-speed 
processor, but the price paid is the long and complex 
design time. Fixed instruction set microprocessor based 


design is more common but does not permit the same 
flexibilty in hardware configuration or software coding: 
Hence, the design time is ETE shorter and less difficult. 
Ihe image smoothing algorithm was implemented using 
both bit slice and microprocessor based design. The bit 
Slice design was performed on Advanced Micro Device's 


Am29203 Bit Slice Evaluation Board. The board is a 16 5358 


bit slice microprocessor that allows the user to create 
and evaluate bit slice microcode. The microprocessor 
based design was done on a 2-80 based microcomputer. 

The bit slice design yielded a much faster system than 
that of the 2-80 design. The design time For the bit 
slice system was also much longer and much more complex 
than that for the 2-80 design. When making a decision as 
to which type of design to pursue, the dominating factor 


is usually the cost of the design, namely, the time and 


Peer icCulty involved. In the case oF digital image 
processing, however, the algorithms are used many times 
over and on huge data sets. Therefore, the extra time 
spent and the complexity involved in bit slice 


microprocessor design would be rewarded in the form of 
great savings in execution time when the system is put to 
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A. GENERAL BACKGROUND 

BEE EE EE ar digital image processing 
techniques can be found as Far back as the 1920's, E 
Masini e Until the 1960's and the advent of the third- 
Generation digital computer that this Field received large 
scale interest. The digital computer offered both the 
speed and the storage facilities necessary to implement 


digital image processing algorithms on digital image data 


effectively. As the hardware technologies became more 
sophisticated, so did the many varied applications. 
Today, digital image processing techniques are being 


Bellizea in a wide range of professional arenas such as 
medical imaging, astronomy, astrophysics, cartography, as 
well as a myriad of military applications. The impact of 
this technology on industry has been received with strong 
enthusiasm, and new and more complex applications are 
being contrived every day. But some key concerns exist 
that need be overcome before such applications can become 
more than a vision, namely, the need for greater 
computational speed and mass storage Facilities. 

In the Field of cartography, the Defense Mapping 
Agency has applied digital techniques with great success. 


The Defense Mapping Agency is responsible for all 


del 


mapping, charting and geodesy resources and devel S 
for the Department of Defense components as well as many 
other governmental agencies. In Fiscal 1385, the Defense 
Mapping Agency was scheduled to print more than 51 million 
copies of thousands of maps and charts, digitize SM 
million square nautical miles of the Earth's surface, 
develop 11,000 strategic points and register more than 
38,000 gravity measurements. Such an undertaking resulted 
in approximately 7 trillion pieces of data [Ref 1], 
Table I further depicts the enormous scale of the mass 


storage problem at hand. 


TABLE I 
APPROXIMATE DMA LIBRARY HOLDINGS 
[ Rep mel 
Inventory Neu Acquisitions 
Per 
Year 
Maps 1 39099 SO oa 
Charts 50, 000 15, 008 
Books, Periodicals 1307000 20.009 
Geodetic Data 
Control Ponts 15 99059399 Co ES 
[;9nmetrol PogEEbgOS 72009 00O 12,908 
Index Cards 39: 0990 1,300 
Bathymetric Data 21 090 400 
Geographic Names 
On Index Cards + SOO OO 150,005 
On Magnetic Tape Soor ogg 
Imagery-Cans 10070990 l1: 499 
Digital Data 
DTED Cells 11-009 1,999 
DFAD Cells E 1, 500 
VOD Cells 200 as 
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These resources, in digitized form, are used in a 
number of systems such as the cruise missile guidance 
system, the Navy’s navigational systems, and aircraft 
Simulation systems. New uses for such digitized data are 
being developed, but no easy answers are readily available 
to the digital data collection, storage and 
processing problems. 

To this end, the Defense Mapping Agency has launched 
an extensive development program io create a truly 
automated mapping and charting system. The purpose of 
such a system is to streamline the production process 
-which is presently a labor intensive procedure. The 
system must incorporate both large scale data base 
management as well as improved methods and equipment used 
in the automated feature analysis. Thus, the major thrust 
of the project is to address the computational speed and 
the mass storage problems previously mentioned. 

To date, the Defense Mapping Agency has been able to 
maintain their production schedule, but only due to the 
limited automation already in place. Future need for both 


conventional and digitized products is predicted to be 


increasingly heavy. To meet that need, production time 
must be reduced to near real time, i.e., analysis must be 
done at the time that the data is recorded. This will 


require high speed applications of very efficient digital 


image processing algorithms. 
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Presently, for example, approximately 100 miM 
operations are required in order to run an edge detection 
algorithm ona 1000 X 1000 pixel image. The generation of 
a symbolic description of this image may require as many 
as 100 billion such operations UREA Clearly, when 
the amount of data on hand to be processed is considered, 
the processing time becomes of paramount importance. The 
enhancement of computational speed will be the issue that 


this thesis will address. 


B. APROACHES 
Many hardware and software endeavors have been 
undertaken toward the enhancement of the computational 


speed dilemma associated with the processing of the large 


volumes of data ina digital image. Such processing, 
UMIEN includes image enhancement, restoration and 
pocoggiitljos incorporates many sets of computationally 
complex SE E that consume long CPU times when 
executed on these large data arrays. Software 


applications have included very efficient machine language 
programming as well as advanced database management 
techniques. Hardware ventures have resulted in non-Von 
Neumann-type architectures. 

Such architectural approaches toward the reduction in 
the time necessary to process a digital image have led Co 


the development eG special-purpose computers. Two 


iL 


EE MESE nesSe Special purpose computers are the array 
processors and the image processors. Array processors, 
when selected for use in digital image processing, are 
Fast general-purpose  coprocessors that are coupled to a 
host computer and perform the computationally intensive 
routines associated with image processing. They enhance 
the performance of the host in numerical computing tasks 
and achieve this high performance through parallelism 
and/or pipelining. Image processors, on the other hand, 
are more narrowly defined and are for the purpose of 
executing image processing routines only. CRef. H An 
example of such an image processor is the  "raster-engine" 
which is optimized to operate on raster-based graphics 
data sets. 


A third architectural alternative would be the use of 


a supercomputer. Certainly, the execution of such digital 
image processing algorithms on a supercomputer would 
drastically reduce the required processing time. FOr 
instance, Floating Point Systems, Inc. has engineered a 


massively parallel supercomputer which boasts 262 billion 
floating-point operations per second (flops) which is a 
hundredfold increase over the Cray e recently marketed by 
Cray Research, Mme. CRef. 51 It is the cost of such a 


system which negates this alternative in most digital 


ks 


image processing applications. Ihe Cray @ retails far 
$17.6 million. Generally, most budgets in research would 
balk at this price tag. 

As UHSIC technology approaches the fundamental limits 
on how small integrated circuit features can be, the 
research effort shifts to the study of architects 
enhancements. Parallel and concurrent approaches are 
underway and many results from this research are already 
being utilized in the fields SE image and signal 
processing. 

This thesis will address the issues of implementing a 


specific Fixed algorithm in the form of a Combat 


hardware and firmware for the purpose of high-speed 
processing. That is, the image will enter the input to 
this  "black-box" and =the processed image will exit, 


Roper ulig, in a period shorter than that achieved by a 
software algorithm alone. This study will utilize ee. 


Slice hardware as the internals of this "black-box'. 


El. BII-SLICE DESIGN CHARACTERS 


In the design of a sustem for the purpose of 
performing digital operations, the designer has three 
basic building blocks from which to select. They are (1) 


eler Ce) (8 cL 5 bit or 32 Bite su 
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instruction set microprocessors; or (3) microprogrammable 
bit-slice devices. Many advantages and disadvantages 
exist for each choice. 

Should the designer choose to use SSI/MSI hardwired 


logic, he will be able to design any architecture 


imaginable having any word length he chooses and a custom 
tailored instruction set. The design may also have very 
short machine cycles on the order of 100-200 ns. The 
disadvantages of an SSI/MSI approach are that such a 


design will consume much space, be very expensive, have a 


long design time and be very difficult to debug. Sine bd 
the designer choose to use a Fixed instruction set 
microprocessor, the design time would be much shorter, the 


cost much lower, would consume much less space and would 
be much easier to debug. The estes For these advantages 
is having a Fixed instruction set, limited clock cycles 
ENGECUOrd lengths of only 4, 8, 15 or 32 bits. 

Clearly, the advantages and disadvantages of an 
SSI/MSI approach are opposite to those of traditional 
microprocessor design. Thus, a compromise between the two 
is in order and it is a bit-slice approach. 

Bit-slice devices are generally used in applications 


which require long words, special instruction sets and 


high speed operations. One such application is image 
processing. AS previously detailed, high speed operations 
are highly desirable in image processing. Special 


qu 


instruction sets would aid in the programming or 
processing algorithms thus increasing the operational 
speed even more. Bit-slice devices permit 
microprogramming which allows the firmware to be custom 
tailored to the architecture thereby O the most done 
for each clock cycle, i.e., keeping each resource busy at 
all times. Bit slice devices can be configured to any 
word length in multiples of t, and SSI/MSI can bs uüussd»"«25 
patch in any extra bit paths as needed. This gives the 
designer the ability to configure the architecture to wage 
word size which translates to any pixel gray-scale range. 
Therefore, bit-slice devices appear to be a good candidate 
For the internals of the ”black-box”. 

This is by no means a new revelation. Bit-slice 
devices are currently being used to perform time consuming 
and repetitious operations in a number of applications. 
For example, in the Ramtek RM-9400 Graphic Display System, 
bit-slice devices are used to draw primitives such as 
alphanumerics, vectors, images, ELC: into the refresh 
memory. 

Bit-slice architectural design is very Flexible as is 
the firmware written to accommodate both the applications 
as well as the hardware. This thesis project will use a 
Fixed bit-slice hardware and study how the firmware can be 


developed to achieve high speed algorithm implementation. 
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ENMEEUESSRNPPUDSNOBR THE BIT SCICE EVALUATION BOARD 

The fixed bit-slice architecture mentioned above will 
Bee the AMicseoOs "CBit-Slice Evaluation Board. Ihe board 
Eus ss four AM2ZJ203 u-bit CPU slices thus giving it a 165 
Ert uord length. Ihe xem esee uord used in 
microprogramming is 48 bits in length. lem sitis concrsoli 
word that addresses each control line on the board and 
thereby coordinates all of the actions at each clock 
euicle. The board is a firmware evaluation tool and allows 
the user to become familiar with both tne architectural 
details as well as the micro and the macro programming 
facilities available. Although the architecture is fixed, 
a reasonable study may still be accomplished through the 
evaluation of the firmware produced. 

To this end, a straight forward image processing 
algorithm will be implemented on the board and the 
Firmware written will demanstrate how this flexibility can 
be used to increase computational speed. ree fn caer 
emphasize the advantages, the same algorithm will be 
implemented using microprocessor design. A discussion 
Mell then follow to address the two results. The 
algorithm to be implemented Al be a neighborhood 


averaging image smoothing routine. 


r3 


E. INTRODUCTION ORAR SEAS ENG 

The purpose of image smoothing is to minimize the 
effects of noise in the transmission channel or from poor 
digitization systems. Poth spatial and frequency domain 
techniques exist to accomplish ENS task. In the 
Frequency domain, this would be accomplished through the 
use of a low-pass filter. Spurious effects as well as the 
edge information exist in the high frequency part of the 
image. Thus, by low-pass Filtering, these spurious 
effects are minimized, but the edge information is alsa 
altered. This causes blurring of the image. The spatial 
domain technique for smoothing is called neighborhood 
averaging. Neighborhood averaging averages those pixels 
closest to the point (x,y) and assigns that point the 
average as depicted in Figure 1. The Following relation 
defines the process where S is the set of the coordinates 
of points in the neighborhood, but not inclóding e 
and M is the total number of points in the set S. 


AA INE e 


Cn, mi ES 
As a demonstration of this technique, the following 
experiment was performed. Using an EYECOM TU camera 
digitizer, a black cross on a white background was 
digitized and is displayed in Figure 2. The same image 
was then contaminated by noise and redigitized. This 
image is illustrated in Figure 3. The noisy image was 


eo 


then smoothed by the fortran program listed under Appendix 
A which was executed on a VAX 11/780 under the UMS 
operating system. EE EE EE —Lustrated m 
Engure 4. All illustrations were produced from a COMTAL 


image processor. 
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Figure 1 
Neighborhood Averaging 


The smoothed image displays much less noise than that 
IEEE rgurbp 3 But it 1S SEMEBEEDBd as was to be expected. 
The image of Figure 4 was averaged a total of Y times and 
Book over 70 CPU minutes to complete on a VAX 11/760. 
Studying the program listed in Appendix A will show that 
some cf the execution time was spent converting bytes to 
integers and then back to bytes in keeping with the COMTAL 
input format. The point is clear that such processing on 
a 512 X 512 pixel image (262.144 Kbytes) will take a great 
meal of CPU time. 

It is this algcrithm that will be implemented, on a 
much smaller data set, and then evaluated on the basis of 


speed enhancement. 
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Figure = 
1l Uncontaminated Image 
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Figure 3 
i l Contaminated Image 
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Figures 
The Contaminated Image After Smoothing 
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INESSE ISNOESNBESERIPITON OF 
THE EII SLICE EVALUAIION_ BOARD 
free ARCH i TECTURE 
tae SAmesees.. Birt Slice Evaluation Board actually 
consists of two subsystems: the evaluation board monitor 
software and the primary microprogrammable system. The 


monitor permits the user to interface to the evaluation 


board through the use of a terminal. mE this study, 
emphasis is placed on the microprogrammable system’s 
architecture and how that architecture is controlled 


through microprograms. 

The Am29203 Evaluation Board is a Fixed configuration 
E XUSGCESSGDL. this 1S accomplished through the use of 
WEEK, slices. A 32-bit processor could 
be constructed by using eight AmeS203 slices demonstrating 
Ane.” Flexibility allowed in design using a bit slice 
processor. The fixed architecture of the 16-bit processor 
is illustrated in Figure 5. This same illustration can be 
someuhat simplified and divided into three functional 
areas as shown in Figure 6. These three functional areas 
Seem the computer control unit CCCUI, the arithmetic logic 


unit CALU, and the memory and 1/0 section. Each of these 


pies 
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Figure 5 
Evaluation Board Architecture 
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Figure 2. Primary System Architecture 
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three functional areas will now be briefly discussed 
before the microprogramming eju this processor is 
addressed. 
1. The Computer Control T Eme 

The CCU is composed of an Am2910 sequencer which 
addresses 102% words of 48-bits. These words exist in the 
writeable control store (WCS) RAM shown in Figure 6. 
These words comprise the microprogram, and the 48 bits 
that control each element of the 16-bit processor. The 
Format and the utility of the 48 bit micrainstrueei one MN 
be discussed after the three Functional areas are 
understood. 

The pipeline register allows the microinstruction 
fetch to occur in parallel with the data operation. The 
Pipeline register contains the microinstruction currently 
being executed. A porticn of this microword instructs the 
Am2910 sequencer as ea the address of the next 
microinstruction to be executed so that it is waiting at 
the input to the pipeline register For the next clock 
cucle. This has the effect of doubling the effective 
Clock Prequency. 

The instruction register and the mapping PROM 
allow a macro-level instruction to be decoded and mapped 
to .1it's micr oročene held in the WES. Thus, an 


instruction set could be designed and placed into WCS. 


eB 


Phe macro-level EES WATCH call these 
WEE Could then Lesúsed-"to write a macro-level 
program. This gives the user the ability to design his 
Sum Instruction set. 

This brief discussion of the CCU has demonstrated 
three characteristics of bit-slice design. Architectural 
design is Flexible, architectural design allows for faster 
@eeracion Cpipelining), and the instruction sets are very 
changable rather than fixed as in microprocessor based 
design. 

cCUnESORENMECumegtlic-bggic unit 

This functional area is composed of an Am29203 ALU 
and an AmeSO4 Status-and-Shift Control Unit. Figure 5 
displays % Am2903 ALU’s, but the evaluation board does 
employ the am29202 ALU’s. Both Figures 5 and 6 illustrate 
the uses of three buses. The A-bus allows the ALU output 
to address macro memory. The B-bus allows constants to be 
directly passed from the pipeline to the ALU. The Y-bus 
is the primary data bus For the 16-bit processor. Also, 
in each of the four Am29203 slices exists sixteen  M-bit 
registers. Since there are four AmeS328e03 slices, there are 
actually sixteen  15-bit registers available to the user. 
Table II lists all the registers that exist within the 16- 


bit processor. 
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TABLE II 
REGISTERS AUVAMNEABES 


LRNGF EDU 
Register Description 

Carn Ame3203 Sixteen General Purpose Registers 
C16 nese 

Q Am29203 Q Register (16 bits) 

I Macroinstruction Register*=> IR CUAD 

M AmeSO% Macro Status Register (MET SSS 
[X2 BH 

LJ amagodq nicco Statüus Negrster CT BWESMZ 
[c NIIT 


Am2S10 Microprogram Eounter Ee 
Am2910 Register/Counter (10 bits) 

Top Value On The Am2910 Internal Stack 
ClO DIES) 


U) 7g "U 


ae Ihe Macro Memoru- and Loup: 


The macro memory RAM allows for the storage of 
1024 16-bit words which may be machine  instructicns, 
Operands or data. Thus, addresses OOOOCH) - OSFFCH) on 
the A-bus will select the RAM location for this purpose. 
Placing addresses greater than OSFFCHI on the A TENS 
selects either 1/0 within the monitor section of the board 
Or resources not available on the board. These will not 
be discussed. 

This has been a brief architectural introduction 
to the resources available on the AmeSe203 16-bit processor 
Board. With this in mind, the MB bit microuord úsced EE 


microprogram the board will be covered next. 


ER 


RARAS RAMNMINS THE ANe=acos EVALUATION BOARD 

Figure 7 details each of the 48 bits which comprise a 
Mier reilnstruction. From this diagram alone it is very 
Seer iculc te decipher exactly what this microword does. 


Only after a great amount of reading and long hours of 


experimentation can one hope to Fully understand all of 
it’s capabilities. Thus, a better idea would be toa 


explain, by way of a Few examples, how the 48-bit 


microinstruction would be written. In each of these 
examples, the few lines of code written will be documented 
faethe Manner recommended Bu the "user manual" to gain 


Bamiliarity with the method. 
1. Example 1 
This example will deal with the microprogramming 
of the Am2910 sequencer alone. The exercise is to start 
at address OOOOCH) with a continue instruction followed by 
cs atinado Jump te control store location OO0eOCH). 
At address OOcOCH) there is to be a continue instruction 
Followed by a loop which executes five times. HSL owing 
Ene loop, an únconditional subroutine call to OZ0OCH) will 
Secur. At OcO0OCH) execute a return and jump to OOOOCH) to 
start over again. 
Figure H is the resulting microcode as it would 
appear in WCS RAM and performs the described exercise. 


Figure S9 details the Ame310 instruction set. These two 
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0000 
Galen 


Gece 
0021 
0o23 
Dos 
ooet 


0200 


Figure 
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this simple operation. 
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hou the Am2910 is microprogrammed and also the 


ieee tet.) cin a Meee, mSeeuce leon is written and 
Example c 

This example will show the use of the fAm29203, 

,, the ALU. The exercise is to add the values in 

and RI and to store the result back into 

Figure 10 is the documentation for this 


Careful examination of this code 


7 illustrates the use of the ALU 

zalk Ss akra CONTINUE 

EOS ete ene COPOCHs 

ESFI FPFE CONT TNUOUE 

A OE MEA CONTINUE 

ode OC SDPDERTSSDEL CIO 

EļHFS E003 ESSERE STI:OeSOCH? 

E COOL Toe wee OOCO Cn? 

PAS RETURN TTO OGe4 CH} 
Figure 8 
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Am2910 MICROINSTRUCTION SET. 





CCEN = LOW aea CC = HIGH 


PASS 
» MIGM or GC s LOW 






FAIL 








CCE 












HEX REG! 
| 1310 i MNEMONIC NAME STACK Y STACK | CNTR | ENASLE 
SAS | JUN ZERO | x o CLEAR l o CLEAR | "OLO ! 
| 
noo — | —5 moro | "OLD | 
CEN 
4 |  PUSM | PUSH/COND LO CNT x PC PUSH | PUSM | Nore t i 
5 | _JSAP_ | CONDJS3 APL p x A a RÀ 
| noro i moro 


MOLO | =- | : 


& ize AFCT | REPEAT LOOP, CNTR e 0 25 E Zeg 
9 | RPCT AEPEAT PL CNTA «9 MOLO | MOLO DZC 
i 
E x TIMO EEN ONDE OR 
A E eae x PC MOLO o | o» MOLO | PL 
3 | LOOP TEST ENO LOOP X E | MOLO B POP —- 5s 
CONT CONTINUE X MOLD MOLD ETEN 


MOLO POP | osc | 
THREE -WAY BRANCH 
POP MOLO | 


Nate. If CCEN = LOW anc CC * HIGH, hold: else toad X * Oan't Care. 


Abbreviation 


Direct inout Bit i 
instruction Biti 
Condition Coge 
Condition Coae Enaole 


Carry-in 
Register Load 


Outout Enable 
Clock Pulse 
*5 Voits 
Ground 


Microorogram Adoress Bit i 
Full 


Pipeline Address Enaole 


Mao Address Enable 


Vector Adoress Enabie 





PIN FUNCTIONS. 


Functian 


Direct imout to registerícounter and multigiexet. O5 55 LS8 
Selects one-oí-Aixteen instructions lor the Am2310 
Used as test criterion, Pass test i$ a LOW on CC. 


Whenever the signal i$ HIGH, CG ıs ighored and the part operates 
as thougn CT were true (LOW). 


Low order carry inout to incrementer tor mcrooragram counter 


When LOW forces loading of regster/counter regardless of 
i^struction or condition 


Three-tate control ol Y; outouts 
Triggers all internal state cnanoes at LOW-to- HIGH eage 


Adoress to microorogram memory. Yo i$ L$8, Yy1 is MISS 
Indicates that five items ace on the stack 


Can select 21 source (usually Pipeline Regster) as direct 
Inout source 

Can select =2 source lusuaily Maooing PRO or PLA) as 
direct ingut source 


Can select =3 source (for examole, interruot Starting Agaress) 
as direct inout tource 


Pigvugess 
Aam2310 Instruction Set 


3A 






DREPA TITON: - RO + Rl => R1 

BITS DEUTCE FIECO VALUE EXPLANATION 

g E iens QHO  ;reg. spec. bu pipeline 
E anesgo3 IEN BHO  ;enable Amexa3203 

aS OEY BHO ;connect Y bus 

ie — YO SEE QHO ¡sources are regs. 

39-36 DESTI H#4 result to y & B-reg 
25-32 FUNCT H#3 ¡add 

or 30 AM290ł CARRY ESOO ng carry in 

eo ot Slate ist Q#XX dom t care 

ES CEJ Pree aon t latch micro stat 
por? CEPI B#1 ¡don't latch macro stat 
l-20 CNS T B+01 ¡command enable 

BI CMD H#F ;noop 

15 ERO Däi ¡don't set breakpoint 

Lu SPARE X snot used 

HG 12 CONSTANT B#XX ¡not used 

I -B [NEN SEE RA HHO  ¡RA=RO 

p RB Pie EIU 

50 anesglio PNSTR HRE Continue 

DESSULEIING HMICROUORD: 0043 3FUF FOIE (X=1) 

gBaMTENTS: 

Bits 45-47 declare the source registers to be in the 
pipeline. merece. bles 1-11. set RA=RO and RB=R1. The 
ALU source (bits Ht0-42) are these registers and the 
enat ion Dits 36-39) is RB=R1. The function (bits 32- 
35) is an add of the source registers with the result 
being sent to RB-R1. The Am2910 is instructed to execute 


the next sequential instruction. 


rogune TO 


Ip eEmReUGE5Eesnd Documentation For Example e 
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d. ¡Example 


This example demonstrates the versatility of this 


processor. In one microcycle, the function cec* (laa 
shall be performed. Figure PI documents this 
microinstruction and shows how all 48 bits of MENS 


microinstruction work together to produce the desired 


out puts 


C: SUMMARY 

This concludes a Very general overview of the 
architectural and the microprogrammable capabilities of 
the Am29203 16-bit processor evaluation board. Having 
done this, a somewhat larger application of this processor 


will now be examined. 


SE 


EEPROM ON 2 CRES RRA IRE with R3 € RY specified by IF 


BITS IDEE FIELD VALUE EXPLANATION 

tS REESE QH7  ;reg. spec. by IR 

HH nee I EN BHO ;enable Am29203 

E. [IE Y BSO wEonnest Y bus 

ee — tO SOURCE Q#O ;sOurces are regs. 
55-36 IDEST Di asssmeupshift of KM 
E5- 3c BORC T HEARD E 

EI -—30 amesgor CARRY Broo Mod al in 

A ot STAT/TST Q#eO ;latech ALU status 

ES (SEU BH con E latch micro stat 
ec CET BHO ;latch macro stat 

el- 20 PUSO y B+10 ¡enable Ame2304 shift 
93-165 CND uec eugshift, zera ftll 
e BREL BR1 ¡don't set breakpoint 
t4 SPARE X snot used 

Beste CONSTANT B#XX ;not used 

8 REGSEL RA H#X ¡specified by IR 

7-4 RB H#X ¡specified by IR 

5-0 anesio DNOSTE H#E ; continue 


RESULITING MICROWORD: EOB3 10AC EFFE (X=1) 


IESSEN (CG: 

Bits 45-47 declare the source registers to be specified by 
ene Instruction Register. The destination register, 
RB=R4, is enabled to be arithmetically upshifted. The 
Amego4 is enabled and commanded to upshift the destination 
register and zero fill. Ihe registers, R3 and RM, are not 
specified in the pipeline in this case but instead are 
declared by the IR. Therefore, the contents of the IR 


should be OOS4CH). R3 and Ri are added by the ALU and 
sent to R4. On their way to RM, they pass through the 
AmeSO4% and are upshifted one bit and then made ready for 
Hadding inte RM on the next rising clock edge. Ihis 


upshift is equivalent to the multiplication of the result 
Iu tuo. 


Figure 11 
emmulrscand Beeumentation for Example 3 


ITI. BIT SLICE DEUREOE NECM 
OF THE IMAGE PROCESS NERO 
A. THE ALGORITHM 


The larger application previously mentioned will be a 


neighborhood averaging algorithm as an image smoothing 
technique. This algorithm will be implemented on the S xX 
S pixel data set of bytes representing the gray scale 
values of the associated pixels. The image smoothing 
operation is defined as follows: 


gx, uo mA S E D 
(n, Mes 


where gfx,y) is the smoothed image, £ím,n) is the original 
image array and M and S are as defined in Chapter I. 

Before any microprogramming can commence, some 
conventions must be established. The starting addresses 
of the original array and the smoothed array must be 
defined as well as how these arrays are stored in memory. 
The original array will be stored in macro memory starting 
at address oOOOOCH). The computed smoothed array values 
will be stored into macro memory starting at address 
DOSdDCIT S The arrays will be stored in a raw-wise manner, 
i.e., memory location OOOSCH) will hold pixel c Ee 


original image. 


gg 


Another issue that must be addressed is what to do 
about the border values. The border values do not have 
Four neighbors and thus cannot be averaged by the given 
definition. Thus, it was decided to simply write these 
Values into the smoothed image as they existed in the 
Original image. 

An alternative to this would be to consider an absent 
neighbor to have a value of zero and to perform the 


averaging as defined on all the pixels including the 


border values. This would produce inaccurate values along 
the border of the image. Each time the image is 
successively smoothed using such a scheme, another two 


rows and two columns will be contaminated by these errors. 
This creates a propagating error affecting more and more 
of the border information as the image is repetitively 
smoothed. For this reason, the border values were chosen 
to be simply copied From image to image. These values 
Will mot be averaged, but will still be the values of the 
Eriginal image thereby avoiding the propagating 
contamination mentioned. 

Having defined these parameters, Figure 12 diagrams 
how the images will exist in memory as well as how the 


smoothed values will be determined. 
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B. 


ADDRESS 


0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
00039 
OO0n 
OOCB 
OO 
0000 
OOOE 
OOOF 
0010 
0011 
Cale 
0013 
(oS 
0015 
0016 
goly 
Vere 


CU A FD 
Corno 
t€ 0 X Lm 


A. Üriginal Fie M cpat 


CONTENTS 


<XE CC HUDOVO Z ZIF KZG n T0 MOND D 


Original Pixel Image ES 
Stored In Macro Memory 


Zë UI vc ri E 


EES 


"C rj c) es rm 


0020 
Quel 
oora 
0023 
CUE: 
UUE=> 
0026 
0027 
Oc 
00293 
O02ÁA 
002B 
Oe 
OO 
002E 
Over 
0 
(Og 
Boe 
0033 
0034 
0035 
0036 
gos 
0038 


CONTENTS 


"rm OD D 


(B+F+H+L)/4 
(CC+G+I+M)/4 
CD+H+J+N)/4 

E 

K 
(G+K+M+Q)/4 
CH+L+N+R)/4 
CI-M*D-S)/4 

O 

P 
CL+P+R+U)/4 
CM+Q+5+W)/4 
(N+R+T+X)/4 


E LCCH 


Smoothed Pixel Image 
Stored In Macro Memory 


Peu EC 
Memory Organization for the S5 X S5 Array 


E) 


ELS DES PIDERCEODTINE 

Ae Esas tanos. Of Figure 13 accomplishes the 
Teee e ONE i ned In thefprevigús section. Ihis section 
E Eer Drief ly address the functional details of the 
microroutine while the complete and detailed documentation 
can be found in Appendix C. 

The microroutine first initiates a nested loop where 
the inner loop reads the four neighbors from the original 
array, averages the four values and writes the average to 
the smoothed array. This inner loop executes three times 
Filling addresses  0026(H>-0028(H)> (see Figure 12) of the 
smoothed array the first time through. The outer loop 
incriments register one (R11) and register two (Re), which 
hold the original array addresses and the smoothed array 
addresses respectively, and executes the inner Loop three 
times computing the nine averages shown in Figure ie. The 
remainder of the routine reads the border values from the 
Original array and writes them to the smoothed array. 

The registers hold the addresses from which data is 
read and stored as well as the values by which these 
registers must be incrimented and decrimented in order to 
complete the algorithm. Register eight (RB) is the only 
ee gister that does not hold such information. fe Olds 
the outer loop counter which is decrimented and tested for 
zero with each passing. The inner loop counter is held 


within the Am2910 sequencer and can be used in all looping 


E 


0100 EK Shh eae PUSH ADD. ON STACK, LD CTR w702 
Orel OBSF POSERO ER MENO 
Gree QO«3 J3PDR'FOIE «Riese RI 
0103 QBHF JFD3 FIS3E TEMES TAS re 
0104 OO44 GFUF Fath; haere eee 
010S OO 3F3F FelE RIE EER 
0106 OS4F 3FD3J FISE <MENOGCRY => era 
0107 0033 "IFL? FIERA EE 
0108 QO43 JFEP FOIE RISO 
0109 OBMF 3FDI F1II3E% ; MEMORY -> RƏ 
0104 00143 J3FDF FIRE". Ra AS 
0108 001% 3FEO FFYE ;LOGICAL SHIFT EIGHT Ru 
010C 0014 3FEO FFuE LCGICAL SHIFT RIGHT Rt 
0100 OOC4 IFDA FTE CRE => TEMOR 
O10E 0041 3FEF FS61E ;R1-8 -> RI 
ODE 004% 7FEF FR7E 9. R7-) => ere 
0110 ERFF JEFF ERNEB EDO 
0111 0023 SRERSFeCIE <;Pl+-e => Re 
0112 06943 SFOF FevE -R7 <2 XR 
0113 0030 SO7F FFSE =;RS-1 -> RS, LATCH MICROSTATREG 
CIS FFFF D409 0003 IF »0, JUMP TBSESSETDOC3XJ 
OLIS OOS sah OF SES RS E R7 
0115 0041 3FDF F91E R1-OF -> RI 
0117 . LOOPe: FFFF SFFF COSY ¡PUSH ADO. UNAS ROS 
0118 OB4F JFC3 FIME ¡MEMDRY => RM 
Quilla QOCM 3FÜDM F74E ;R4Y -> MEMORY 
011A 00994 7FFF FF1E RISER 
orig OO%4 7FFF FF7E RZA => KZ 
011C FFEF-3EFF FFEH LOOPS (5X) 
0110 FSCY 3FO02 FFSE ¿LOAD IR W/ADIRESS OF RS 
O11E ES4*"* 35BPSNEOPE LDAD RB uy/oe 
OTER LDOP3: 0043 3FDF FALE ;R1+3 -> RI 
0120 OO%S SFOF FAZE :R7*3 *5»uR7 
DII {G0°4: FFFF 3FFF COIM -PUSH ADD. On Slee. Covel. ee. 
0122 OS4F 3FU3 F14E ;MEMODRY -> RHY 
0123 OO0EU C JRDH Pete RSS 
Ole4 Q099 T ZRERSERFIESUCNISISSIDRI 
0125 0099 7FFF FF7E RANIA 
0125 FFER 3FFF FFFH- :EOSPM (oOx) . 
0127 0030 507F FF8E ;R8-1 -> RS, LATCH MICROSTATREG 
0128 FFFF D409 D1IF3 ;IF »O, JUMP EE 
0129 0043 3FDF FA1E ;R1-+-3 -> RI 
012A 0043 3FDF FATE ake ea ARS 
ier LOOPS: FFFF 3FFF COSM : PUSH ADD. ON STACX, LO CTR U/OS 
Orac OS4F SFOS FIYE ¡MEMORY -> Rui 
0120 QUOC SPOS F74E Reo eee, 
012E IESELEN Ee 
012F 0084 7FFF FF7E ¡RI +1 => TR2 
0130 FFFF 3FFF FFFB -LODPS C5X) 
0131 FFFF FFFF 7FFF ¿SET BREAKPOINT 
ORIGINAL ARRAY ADDRESS: 0000-0018 
AVEPAGED APPAY ADDRESS:  QOO020-003B8 
INITIALIZE REGISTERS: RO”-000%; incriment value 
R1-0001; address of First neighbor read 
R2-0002; incriment value 
R6-0008; decriment value 
R7-O0025; address First avg. stored 
RS-001%; decriment value 
RS-OOOF; decriment value 
R8-0003; outer loop 1 counter (3X) 
RA-00C3; imcriment value 


Figure 13 
The 5 X S Micro ont iTEe 


te 


PES uU Chere wis atu ome süch counter on the chip. 
Thus, for nested loops, a separate register must be used, 
R9 in this case. 


Maes Ss Onl eae Trough overview Of the process that the 


microroutine performs. Attention is called to Appendix C 
BOT a much more detailed explanation of the 
microprogramming accomplished. This documentation details 


how each control line is coded to execute the desired 
Bemetion. Comments Po Low each mies nstretetian?s 
decomposition to Further explain what the instruction does 


and how that effects the routine as a uhole. 


EXECUTION TIME 

In the design of a sequential processor based system, 
a Full timing analysis must PENE Ner TOC Cmed fone each! 
allowable path through the system. The longest path is 
then used ce determine the minimum elock TEE EIER 
permissible For that design. A Few alternatives exist to 
Eemot tOo shorten that clock period. First, the longest 
path may be studied and perhaps shortened thereby allowing 
a shorter clock period to be assigned. The second 
alternative is to replace some of the system’s components 
with faster devices also shortening the longest path. The 
third alternative is to use a variable clock period 
generator that lengthens the clock period only on those 


instructions necessary and reducing the clock period for 


Tad 


the others. This would yield an average clock period 
shorter than had the longest path been used as the only 
constraining factor on the cleac. per tea. 

In order to address the execution time of the 


microroutine of Figure 13, both the clock period as Sao 


as the total number of microinstructions performed must be 
known. Careful examination of the routine shows that it 
performs a total of 2/5 "mreroUvusbmuEEU ES The cioci 
period requires a little more detailed study. 

The Ame3203 Evaluation Board utilizes the variable 
period clock generator discussed above but does not allow 
it to be microprogrammed, i. e., the period cannot be 
altered through the microword. The AmeSeS clock generator 
and microcycle length controller permits the selection of 
eight different clock periods by coding pins L1, Le and 
L3. These three control lines would have to be added to 
each microword thereby yielding a Sl bit microinstruction. 
The Am29203 Evaluation Board hardwires pin Le high and 
pins L1 and L3 low. The crystal is configured to operate 
with a clock period of 51 ns or a frequency of (ICON 
Table III illustrates the eight various clock periods 
permissible using this crystal configuration. 

Therefore, from Table III, the AÁAmes203 Evaluation 
Board is fixed to operate at approximately 2.149 MHz or 
with a clock period of 408 ns. The board does not eT 


this period to be varied. 


Ets 


TABLE III 
PERM TSS BLE CLOCK PERIODS 


El Ee L3 CIocek T Period: (PF=SI ns)? 
omo g Et 
ORO L TERCZOT NS) 
O a O BP c408 ns) 
Out PETIS TS) 
IO © IOS Cale ns? 
TO gi Sueco mS) 
TENE 0 Se God. 1Se 
lel oe BP (306 ns) 

The Mi ECEOroue ne e Figure dr performs 279S 
Emeeroinstructions, each taking TOB ns, yielding an 
Execution time of 112.2 microseconds. As previously 
ene oed there are some alternatives tp Study in order 
to reduce this execution time. The paths are fixed by the 
microroutine, but improvements can be made in both the 


speed of the devices used as well as varying the period of 
the clock generator. 

Every instruction executed on the Evaluation Board 
must either be found in macro memory or in writeable 
zomtrol store (WES), In either case, or path, a read from 
RAM is required. This read consumes 300 ns of execution 
time for the AmS1Le4%. Reading from RAM is always a costly 
Seeration and in this case, is the most costly on the 
board. For instance, in order to add two registers using 
the ALU and perform a simple "continue” operation with the 


sequencer, the timing path is as shown in Figure 14. 
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SEQUENCER 


150 200 2c500—300 0 3950 m VM 
TIME Gas? 


AFter CP, time before the 
instruction leaves the pipeline 
register. (2B ns? 

lime AMeS10 takes to decipher eae 
instruction received and to OLAS 
next instruction address Eaves 
C35 mem 

Time AMS124C takes to output nex 
instruction to the pipeline. 

C300 ns)? 

Time to set up next instructions 
the input to the pipeline 
register. (20 ns)? 


After CP, time before the 
instruction leaves the pipeline 
register. Ce ns) 

Time needed to decode received 
command into ALU control codes. 
CIS ns)? 

Time ALU codes need to reach the 
ALU. C15 ns) 

Time ALU needs to execute the 
FuUnNGELGH. Cs 

Time that result must set up on Y- 
bus For loading into the register 
at the rising clock edge. (17 ns 


Figure a 


Time Path Illustration with RAM as WCS 
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Since RAM must be addressed for each instruction, this 


is the constraining factor ce tcermining” Che clock 
period. I can only assume that this is why the board is 
fen to run with a constant clock period. Ihere is no 


reason to vary the clock pericd when each instruction 


requires this 300 ns overhead. All instructions will take 
very nearly 400 ns regardless of there complexity. 

In order to speed up the routine at hand, that RAM in 
WES will have to be removed. Ihe ALU is idle for 2838 ns 
while the sequencer is determining the next instruction to 
be executed. This is a wasteful use of the resources. 

Since the microroutine is Fixed and there is no reason 
Ber poate Xt. It can be written to a fast PROM. The WCS 


RAM can then be replaced with this PROM. Such PROM’s can 


have  address-to-output times as fast as 35 ns. With such 
an improvement, the same timing path previously detailed 
could be reduced to 118 ns which is a 69% reduction. The 
Zee time is nou only 27 ns, down from z238 ns. The 
resources, the ALU and the sequencer, are both being used 
more efficiently after this change is made. PSU TIS 


illustrates this reduction in the timing path. 

The microroutine still reads data from the original 
array and stores the averaged data to the smoothed array 
and both reside in RAM. Therefore, the timing path for 
these operations will still exceed 300 ns. Figure”. 16 


illustrates the timing path for a memory read and data 
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Allea/7 SES 
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Ailes EES 
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Pipeline CAME ISS) 


Ilo- Of Alea 
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AM29203 Time Path 
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150. 200m 20m ne 
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30 ¿00 


After CP, time before the 
instruction leaves the pipeline 
register. C28 ns)? 

Time AM2910 takes to decipher the 
instruction received and to out ame 
next instruction address to WCS 
(35 ns)? 

lime AMe?’S19 takes to output nere 
instruction to the pipeline. 

C35 ns) 

Time to set up next instruction oan 
the input to the pipeline 
register. (20 ns) 


After CP, time before the 
instruction leaves the pipeline 
register. C28 ns? 

Time needed to decode received 
command into ALU control codes. 


C35 Nns) 
Time ALU codes need to reach the 
ALU. C15 ns) 


Time ALU needs to execute the 
function” (SATT 

Time that result must set up on Y- 
bus for loading into the register 
at the rising clock edge. C17 ns) 


Figure 15 


Time Path Illustration after 
PROM Substitution PUER 
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E 
ac5Ls37u 


anesio 






mite tC Es EX EST EIN 
EpNSSLS37u ALU 
mi SOL oS 
Ane23203 
Am91Le2r 
GP S0 BETEN Ee EE ET SECH 
ies Gms.) 
amesa10 Time Path 
See Figure XX for a detailed explanation of this path. 
AM29203 Time Path 
aucck-To-Qutput OF : After CP, time before the 
Pipeline (AM251S5374)5 instruction leaves the pipeline 
register. (28 ns) 
A-B MUX Select To : Time needed by MUX te set RY to 
East CAM7ZSLS153> receive data From memory and to 
set R7 as the address of the data. 
(C38 ns? 
Address-To-DA : Time to place memory address on 
cam232037 A-bus from the ALU. (30 ns? 
Memoru-To-Y-bus : Time after address is received by 
sde TL eu: RAM and data is output to the Y- 
bus. Ces. ns) 
Set Up Of Data On : | Time that data must set up on RM 
Register CAMS1L24) For loading on the rising edge of 


the next clock pulse. (17 ns) 
Figure 16 


me eae uStration with 
Data RAM Access 


Ao 


load into RY yielding an execution time tora» With 
the replacement of the WES RAM with the PROM nave 
are all instructions in need of the extra 300 ns. "IBN 
where the application of the variable period clock 
generator will be most handy. For those Cette 
addressing RAM, a much shorter clock period can be used 
than for those instructions addressing RAM. The only cost 
For varying the clock period will be to add 3 Bits Co RHE 
microword lengthening it to 51 Bits. Therefore, the eee 
which replaced the WCS RAM will need to be at least 51 
bits wide. Considerable savings will be realized in 
execution time since the routine executes only 77 such RAM 
Operations and 198 of the shorter operations. Table IU 
illustrates the instruction time analysis. 


TABLE IV 
INSTRUETIONA ANS ANALYSIS 


Instruction TypelRead/Write To RAMiNo Read/Urite To Ram 


— LL ` 
“o 


3P (1S3 nS. 











Percentage OF 
Instruction 
Stream 








Sales 
P25] ns pee (40B ns) 





The average microcycle time of the variable clock 
cycle generator with the WCS RAM replaced by the PROM is 
calculated as follows: 


(0.e8 X 408) + Eltre 


Bo 


This is a 45% increase in system performance simply by 
ENEE RAM uath a Fast PROM and increasing the 
Nicea Bit length to incorporate two kinds of clock 
periods rather than the single clock period of 408 ns. In 
fact, close inspection of Table III shows that to code the 
clock generator to run at 3P and BP only requires the 
EIAS UN Gs fim Le with pins Ll and L3 tied to ground. 
This means that the microword only needs to be lengthened 
er tS bits rather than the 51 bits mentioned earlier. 
Further timing analysis could reveal more then two 
distinctly different time paths and thus enable the coding 


oF the clock generator to Further reduce the average clock 


period. 

After these improvements, the MicGhewetiaine Waid 1 
execute in Si al microseconds, down from UELLE 
microseconds. 


Beer EH 512 X 512 ARRAY 

Having defined the algorithm and the microroutine for 
a small 5 X 5 array, their application to a more realistic 
digital image data array will now be discussed. 

If a Sle X 518 image data array is to be smoothed, 
both the architecture as well as the microroutine will 
have to be modified. A Sle X Sie pixel array alone would 
meside in 264.144 kilobytes of memory assuming that 256 


gray scales are to be used thus enabling the gray scale 
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data to be represented by a byte. There must also be the 


same amount of memory available to store the smoothed 


array. In order to address the total 524.288 kilobytes ae 
memory proposed, the address bus to macro memory must be 
cO bits wide. Since registers hold memory locations and 


these memory addresses are incrimented and decrimented by 
the ALU, the registers as well as the data bus must be 20 
bits wide. The macro memory address bus, registers and 
data bus are presently only 16 bits wide. The addition of 
one  fme3eO3 Y-bit ALU slice and additional wiring onto the 
data and address buses would accomplish this. Since 
Sixteen 4 bit registers reside in each Ame9203, the 
addition of one yields sixteen 20 bit registers as needed. 

The microroutine itself needs little changing except 
For the address incriment and decriment values. Figure 17 
illustrates what values would need to be changed for the 
routine to operate ona Sle X Sle pixel array and Fugues 
18 is the updated microroutine that would operate ona Sle 
X Sl arras: 

This updated microroutine has neither been documented 
nor has it been tested. The routine’s looping parameters 
have only been changed. The operations are identical and 
the average microcycle time should be the same as that for 


the 5 X 5 array. 


Se 


ADDRESS 


00000 
00001 


wear 
00200 
20201 
CIE 


Wear F 


00400 
SES 


EEFFF 


UIN 


cq e Vu EL: gE. cce GoOle S0» 


HE EE a 


CONTENTS 
C 10 
er) 


(1,518) 
CONES 
(2,2) 
(2,3) 


Cod. 


(3,12 
(3,8) 


Cale sic? 


tera inal Sie X Sie 
Pixel Image Stored 
In Macro Nemory 
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ADDRESS CONTENTS 

50000 (1 D 

SOOO! um) 

TOTEE Gam, Sic) 

Er) Gc La 

40201 Me de. aa, anya 
Ome Een eee cate Stet 3, 3/4 
AO Mer Ie) 

T0700 Cm 

740901 (a IRE aal 22/4 
E Ie olz) 

ES Ee x 512 


Pixel Image Stored 
In Macre Memory 


Figure 17 
Memory Organization For the Sle X Sle Array 


0100 LOEPL: OC PPSr Serr GER 
0101 1 QU EC 
0102 GO O00%5 EE 
0103 1 O845 3FO3 PIZE 
0104 OU OOMJ 3FDP RES 
010S O OO4%S SF OF Fels 
0105 USADOS EISE 
0107 O UU Saro: Fare 
0108 El EE SF0F FOLE 
01093 lI UBME JEFD3 F13E 
O1CA QUOOUMJ SR SES 
0108 O° 0014-SrEO. Fr te 
010C 0' 9014 TREO Pra 
O10D 1 COLES SFOS F722 
O10E GC OGHRICSEDR PSlr 
O10F Q QOMM 7FPF FF?E 
0110 OS a 
0111 OV OU ERR 
0112 0.0043 JPDF POTE 
Orra Q 0020 SC7F FrSe 
0114 OFERP--B203 B00 
0115 Or COS) SFR Fs7e 
0115 gQoOQTE JEDE FIle 
0117 COOR MOE IRE EDITA 
0118 1 Ct JPB3 PISE 
01193 ICDOEH. JUHM F725 
011A O-OGas BEP EFIE 
01ra QO / OOS 7FFF FFZE 
O11C JUDPRE-SFPERP FFES 
0110 OPeset. she FFSE 
QUIE O° Es2+ 3605 DADE 
OIIF LOOPS. 0590943 EE PALE 
0120 QUOUM3 J3FDF- FA7E 
0121 Or a er cies Gol: 
oleg ISUSUPOSJEDS FIME 
0183 1 QU0EY%. J3FDM F7«E 
oreg OUGOSd ZPPESEFIE 
ores AS 
0126 A E A 
0127 Y UOSO E ENG 
0128 EE CES E 
oreg GO OO%S 3FDF FAIE 
012A 01004373F ORRAZE 
0123 LOOPS: O FREE PEF EQIA 
Ole de COBMT. JF93 PRIME 
O12D ¿OCA PU C EZHE 
012E 0. 0088 7FFF FFIE 
Oller gQoOUu PER CBEXIE 
0130 O FEFEFE EE 
0131 O EEFE ERER ZERE 


ORIGINAL ARRAY AODRESS: 
AVERAGED ARRAY ADDRESS: 


-PUSH ADOL ON STAEK CEE E TRAIN 
: MEMORY -> Ru 

;R1+511 -> RI 

MEMORY -> RI 

RIRS 

:R1+2 -> R1 

: MEMORY -> RƏ 

¡AIRE 2 NE 


;R1+Sl1 => R1 
MEMORY -> RI 
RIRS 


;LOGICAL SHIFT RIGHT R& 
¡LOGICOL SAT Richt ex. 
¿RE >> MENOR 
A ne 


HR 

* LOOP aK? 

‘Rl +c RL 

;R7*2 => RY 

:RS-1 => RBS. CEATEHUSBIESOSDODPESS 
¿IF >»0, JUMP TO EOGrt ca, 
AS O A 

. R1-3FC00 -> R1 


;PUSH ACD. ON STACK. CUE el 
SMEMORY ERA 
R4 5» MEMORY 


“Riel => NT 
Pie © len, 
«LOOPS (5X) 


:LOAD [R W/ADCRESS OF RS 

-LCAD 88 W/1FO 

:R1->1FE -> Ri 

RIAL ISR 

;PUSH AOO. ON STACK, LD CTR W701 
; MEMORY -> Ru 

Su -> MEMORY 


‘Riel =>) Rl 
-RZL => R7 
*EOOr+- Cex) 


.R8-1 -» R8, LATCH MICROSTATREG 

: IF >0, JUMP TO LOOP3 (2X) 
;R1+1FE -> R1 

;R7+1FE -> R7 

;PUSH ADD. ON STACK, LD CTR w201 
;MEMORY -> RY 

.R4 -» MEMORY 


RISAIE RI 
oR? Sie a ere 
¿LOOPS CBA 


"SET SREAXKPOINT 


00000-3FFFF 
MSOQOUUg-VZERISE 


INITIALIZE REGISTERS:  RO-OOIFF; incriment value 
R1-00001; address of first neighbor read 
Re-OC00e; incriment value 
RS*OO3FE: decriment value 
R7-“0201; address Eirst avg. stored 
RS-3FEO0; decriment value 
RS-3FCOO; decriment value 
RS-OOIFE; outer loop l counter (510X) 
RA-"OOIFE; incriment value 
Figure 18 
The Sle X% Sle Mic arci n ae 
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Temm eror oüutine or Figure bemper forms 7 776,0356 
microinstructions. Assuming that the routine resides on 
PROM and that the clock generator is m as the routine 
shows, the average microcycle time of eet.t ns Found in 


masc 5 A 5 Case Should hold true in this case, Therefore, 


See colt ieee OF ES Toutine Should be approximately 


one second. 
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IV. MICROPPOCESSURMEEUE TOS ei 
OF THE IMAGE PROCESSING AAA 

A. THE EODE AND EXECUTION T TEIE 

For comparative purposes, the same 5 X 5 data array 
averaging algorithm previously developed is implemented 
using a ZI microprocessor. architectural and 
instruction set constraints are discussed and compared to 
Chose of bit slice development within the context 
execution speed. 

Ihe assembly language routine is displayed in Figure 
MS This algorithm is identical in operation to them 
slice routine. 


In order to address the execution time of the routine 


of. Figure. 19 <p Che scree. period and the number of 
mnicrormsetruct.lons performed must be knoun. These 
microinstructions are called T states. Since the 2-80 


cannot be microprogrammed by the user, each assembly level 
instruction must be Fetched From memory, decoded and then 
executed. A Fetch will require three microcycles (CT 
states) to retreive the instruction From memory and to 
load it into the instruction register. Ihe decode phase 
will require one T state to decode the assembly level 
instruction into it’s microroutine’s starting address. 


The microroutine is then executed to it’s completion. 


Sb 


Seva 
0297 
0278 
0esi 
0200 
0204 
0208 
0208 
oeoc 
O20E 
Cell 
9214 
Ocl/ 
021A 
Gere 
Wee 
Geel 
02823 
Gees 
02265 
0828 
0e2A 
Bee 
022E 
0230 
0231 
0233 
0237 
023B 
0230 
0240 
0223 
0895 
0247 
0298 
OettA 
0210 
Usu 
0251 
eon 
0255 
0258 
0258 
025D 
desk 
0260 
Oese 
0263 
0265 
0267 
0269 
0268 
O26E 
Ue] 
0273 
02875 
C275 
02878 


DD 21 0273 
0 2 El 


00 86 00 
BE 25a 07 
DD 86 06 
DD 86 OA 


EBLZZ.00 


Duet 0978 
RE 0231 


poe 7E OS 
Boe? 7 00 


DO 7E 00 
FB 77 GO 


BPE 7E 00 
F077 00 


AMAT 
BMAT 
AAMAT 
BBMAT 


POTEN: 
LDDP2: 


DODP3: 


CHORY: 


EE 


LDOFRS: 


ENDADD: 


Pogoro LY 


END 


O200H 
ENDADD+1 
ENDADD+31 
ENDADD 
ENDADD-*25 
IX, AMAT 
IX, Biel 
[2253 


CIY+0),A 
Dx 

IY 

B 
N2,LODP2 


N2,LOCP1 
IX, AAMAT 
LY, BBNAT 
Ce 

A, CIX+0) 
CIY+0),A 
IX 

LY 

C 
NZ,LOOP3 
DE,3 

C.S 
IX,DE 
IY,DE 
B,2 

A, CIX+0) 
CIY+0),A 
IX 

IY 

B 
NZ,LDDPS 
E 

NZ, LOOPY 
IX,DE 
IY, DE 
Ce 

A, CIX+0) 
CIY+0),A 
IX 

IY 

E 
NZ,LOOPS 


The 2-80 Assembly Language Routine 
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It appears that for each assembly level instruction 
performed, there is a Four microcycle overhead before 
execution can begin. This is not always true. In some, 
but mot ali, cases, the Fetch of the next instruction can 


occur while the current instruction IS EXemEISB Ihis 


Fetch-execute overlap can Save Cua microcycles per 


ASEDIO if the buses or facilities are available 


MENE CONE LICE: The control unit knows whether an 
overlap is possible. A m purposes, a worst 
case analysis will be used, i.e., it is assumed that no 
Fetch-execute overlaps will occur. With this assumption 
being made, the routine of Figure 19 executes 2505 
maicrocucles, Using a 2 MHz clock, the 2-8680'°s micr roces 
is 500 ns long. The routine then executes in 1.2525 
milliseconds. This can be compared to the execution time 
OF 61.71 microseconds in the bit slice case, Therefore, 


the 2-80 routine executes Z0 times slower than the bit 
slice routine. 

This comparison is made having assumed a worst case 
execution time for the Z-BO. Another consideration is 
that the bit slice processor uses a 16 bit data bus while 
the 2-80 uses only an 8 bit bus. Nevertheless, as many as 
4 microcycles are being wasted in Fetching and decoding 


the instruction prior to execution. Ihe price savages 


E 


avoid this fetch/decode overhead in the bit slice case is 
coding complexity. Assembly. language allows the 
programmer to take a much higher level look at the 
instructions he wishes EO DEESSET uhile the 
microinstruction programmer is burdened with coding each 
control line and being careful not to access resources 
already in use. In many cases, the shortened programming 
eime 1S Well worth the loss Meat Ghreesctiral and 
Misesuctional Flexibility. 

For the 5 X 5 case, the 2780 internal registers, & or 
16 bits wide, and data bus widths, 8 bits, were adequate. 
e pansion to the cO bit registers and 20 bit data bus 
widths needed For the Sie X Sle data array averaging would 
meme De possible. Even the use of a 16 bit microprocessor 
would not be wide enough. This deficiency would have to 
be handled through the writing of a more complex software 
routine which would allow register ccs be held in 
more than one noncontiguous register. This more complex 
routine would require even more time to execute, while in 
the bit slice case, architectural changes could be 
accomodated. The same routine could be used as long as 
the register values are updated to match the size of the 


array being averaged. 
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V. CONCLUSTONS AND RECOMMENDATIONS 


A. EVALUATION BOARD SHORTCOMINGS 

The Am29203 bit slice evaluation board has proved to 
be a [very instructive tool., It allows the user to study 
the characteristics of bit slice microprocessor design. 
Although the hardware is fixed, the user must come to 


understand the interrelationships of the various bit slice 


devices before any microprogramming can begin. In daims 
SO, it becomes evident that such architecture is adaptable 
to a variety of applications. Bus widths are flexible and 


the instructions sets can be readily adapted to sach 
changes in the architecture. 

The availability of a variable period clock generatcr 
on the board is a nice feature but it is Fixed to run at a 
constant Frequency. This harduiring oR the cican 
generator is understandable considering the long timing 
paths associated with reading from RAM, but the WCS RAM 
may be replaced by a PROM thus reducing the timing path a 
great deal in some cases. The user manual describes the 
replacement of the WCS RAM with a PROM which has the 
designed microcode burned into it as a desirable feature. 
Such replacement would be more attractive if the board 


allowed for the three additional control lines that could 
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be coded to vary the E period and take advantage of 
the shorter time paths resulting. This would improve the 
throughput of the system. Ihe user manual neither 
mentions that the clock generator is fixed to a period of 
408 ns nor does it mention any means by which to vary this 
period. Such Flexibility is an attractive characteristic 
Er bit slice design but the board completely ignores it. 
Nevertheless, the user should be aware of this feature as 
design parameter. 

Misma ico: Düilt inte the evaluation board is veru 
useful. It permits the loading of all registers and the 
loading of microcode or macrocode. It also allows’ the 
code to be executed one line at a time or executed all at 
once. The monitor does not allow for the interface of any 
mass storage or hard copy peripherals though. The user 
manual does recommend that the board be interfaced to a 
fase computer. fee =e omen eseein an interface care 
briefly mentioned in the manual and a program written in C 
1s also included which permits the uploading and the 
downloading cf code From and to the computer's disk drive. 

Euch code ceuld then be stored for later retrieval or 
printed as desired. This is a very attractive feature and 
is highly recommended fer any Future endeavors larger than 
the M EcoroŬtine written here Dro meae For small 
applications, the monitor included with the system and a 


hard terminal will suffice. 
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S. DISCUSSION EES MEN 

The execution speed of a register transfer language is 
very fast when compared to the speeds of the same routine 
written in an assembly language and in FORTRAN. For the 
image smoothing of a5 X 5 array, the FORIRAN routine 
executed in approximately 3 CPU seconds on the VAX 11/780. 
That 3 seconds includes the multi-user system software 
overhead. The assembly language routine was estimated to 
run in 1.8585 milliseconds and the bit slice microroutine 
executes in 61.71 microseconds. Figure 20 depicts these 
execution times graphically. Clearly, the bit Sitges 
design has yielded a very fast processor. 

Such an execution time comparison has ignored an 
equally important time feature, namely, design time. The 
bit slice microroutine was by far the Fastest in execution 
but was also by Far the most difficult to write: The 
Opposite is true for the FORTRAN program. The reason for 
this vast difference in the time needed to write the code 
is the difference in the level of understanding of the 


underlying hardware required. The writing of the FORTRAN 


program required virtually no understanding oF the 
hardware it was to be run on. The bit slice microroutine, 
on the other hand, required a Full and detailed 
understanding of the hardware it was to be run on. This 
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A: Bit Slice Execution Time 
B: Microprocessor Execution Time 
C: FORTRAN Execution Time 


Figure cO 
Comparison of Execution Iimes 
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learning overhead is very costly. Therefore, more than 
execution time alone must be considered when selecting a 
type of design. 

should the reutine be needed for only a en 
applications, the design time saved by writing the routine 
in a high level language, such as FORTRAN, becomes the 
dominating Factor. If the routine is to be executed a 
great number of times, the large investment in time paid 
in performing bit slice design will be refunded by way of 
the savings in the execution time. Microprocessor design 
lies somewhere between these two concerns. 

Image processing lends itself well to bit slice 
design. Such algorithms need to be executed on the 
massive amounts of digital image data being gathered in 
today’s world of satelite imagery. The price paid in NE 
design times will be quickly returned with interest when 
the savings in execution time are considered. Image 
smoothing is just one such algorithm and was used here to 
illustrate the savings in execution time compared to other 
design choices. The result is that the application of bit 
Slice design to digital image processing systems is a very 


attractive alternative. 
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[J5E3 CX" EE" C) C^ CY 091 


GAMA 


0000 


[PAE 


g3 


APPENDIX A 
POPPI Pe ieee SMILING PROGRAM 


EUR oir Oorel! lo 10 CONVERT THE 
CAI O IA IMAGE PRODUEED BY THE EYECOM 
IM Ea te tate PIEL IMAGE: MECESSARY 
AOS SON THE CONMTACTONIT. IHE IMAGE IS 
NEES EIERE USE DF"NEIGHEDRHODD 
CUBRE CTN TAE IMAGE To BE SMOOTHED IS IN THE 
A ES NOTRE se TAGE iS THEN STORED 
ISO AE SS. DATA 


ee E) 
MATE SERT ITE a A ZZ CECT) 


Eoee F OUT T NESA TORTIE THE RUN 


LUN=5 

Creer emer iri BLE CLUNO 

eo ESTARI CRU CLOCK 
DRENCONTI-1I NANE- N: DAI, ITYFES'0OLD?, 
Bass RECORD SIZ2E=128, MAXREC=5140) 
Pee sisi. Sle 
IESU EM NI.NLOSMIBO) 

AS als Le 

DCH, Ris 

CONTINUE 

CONTINUE 

EPUSE CURP — T) 


ONPE ISO A Sie « Sle PIXEL ARRAY 
NEIGHBORHOOD AVERAGING FOLLOUS 


DO 68 L=1,5 -SMOOTH THE IMAGE S TIMES 
DO 50 I-22,511 
pO 60 J=2,511 
C61.=ACI, J-2) 
CC2)=ACI,J+1) 
CC3)=ACI-1,J) 
Cc4)=ACI+1, J) 


an ee IRON Be IB M EBEE 


meg Kal E 
E gene THEN 
Ee 
EISE 
mu EC +42S se 
ENOTE 
EDDIE 


m0 


TIE 


SADO 


ooo 


Pais 


KREE 


BO 
20 


zo 


J9 


AVERAGE THE % MNE TGHECRS 


Z22-ECCIl ICE Cel Ce CS) EE 
AA bo: 


CONVERT THE AVERAGE TOTE E 


IF Zo LESO es 


EXT Sen 
PESE 

BALAS 
END DE 
CONTINOS 
CONTINGE 


SWAP THE DATA ARRAYS AND LOOP (5 TIMESI 


DO 66 1=2,511 

DO 67 J=2,511 

ACI,J}2=BCI,J) 

CONTINUE 

CONTINUE. 

CONTINUE 

WRITECS, 35) 

FORMATC’ AVERAGING IS COMPLETE’) 


THE BORDERS ARE MOW FIELER IN 


qued 

BE Od ex 

BC T NI uem O 

BOJ ree a 

Bt La EE 
DE el 
CONTINUE 


WRITE IHE FILE S OAT. (aaa. 


OPENCUNIT=e,NANE="Ss. Bal (fae A 
AaCCESS-2-'DIBECT',RECORD SIZESTIOSOMBEESBELCONNEM 
DO! SON ae 

WR LEET EE ll Ee ER 

CONTINUE 

CCOSEC e 


WRITE CPU TIME TO TRES IES et aes 


CALL TYPE CPU CLEER Sees 
END 
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Sear we NE @PEN EPÚTIME FILECLUN 
Gea ee i hbo ee SPURTIIE. I XT’ ,STATUS@™’ NEW’) 


END 
EUBSEDUTINME JCPUTCXCPLIT? 
E 
E El ele LIE ASA FLOATING POINT VALUE 
E 


MESEDIEP JPIS GCPBOINUSSMO/'X 
TEE EE e) 

(INTEGRAR UNAS CPUT 
MEER SiS cETJP 1 

POR le ee 
Eet EN 

BOF E wel 

Aue J Pore TM 

puk I Cc) “eee EE? 


BORT CJE 
BURI TIC 
PRES YS peer Lites eur. er? 
zT T oe eee T > 7106 .c 
RETURN 
END 
Gees OUTINE START CPU CLOCK 
P 
C SEE VALUEFOF THE- CLOCK 
E ; 
IEÁGE*TOSDISPI TIME 
Pacers Sheek REAL TUE 
Cer TTD AS TART TIME, SIART FEAL TIME 
E 
m PETORO ERE ARSENE ANO THE ELAPSED REAL TIME 
B 
Paces Jeet tolArd “TIMED 
E 
E OM T TAL EESL TIME 
a 
SIA IES TEMES ECMOS: 0, 07 
RETURN 
END 


REGEL LNS TYPE CPU CLOCKCLUN) 


oe ESE CAR EDTTINE FROM THE LAST CALL TO 
Stor EBRO CLOCK 


(III) 


PEREST TINE STARI TIME 

RE > ARIS REAL TIME 

REAL*4 DELTA 

CoO C PORC COCE START TIME, START REAL TIME 


67 


(21 0) (III) (010) 


OIC 


10 


GE ESIE CREU aa 

ESE” TECUTCTIMES 
COMPTE TAE DELIA Tie 
CEET MEE 


GEI IHE DELIA REGE OPI 


DELTA=SECNOSCSTART RES 
XLOADST IME /DECTA 


DISPLAY AS A PERCENTAGE 


XLOAD=XLOAD/100.0 
WRITECLUN, LO) TIME, DELTA, XLOAD 
FOPMATC’ CPU TIME USED-',F10.3, 
' REAL TIME USED=’,F10.3, 

'LOAD FACTOR=*,F10.4,*%?) 
PETUPN 

END 
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APPENDIX E 
erat BEECCMENTOIIONP POR EXAMPLE 1 


eE NO.: 0000 

EBIEEPRASIION: |CDONWSSEMUE 

BITS DEUTCE FIELD VALUE EXPLANATION 

US REIS RE Q#X ;don’t care 

H aneaao3 TEN BHX ¡don't care 

pL GE y BHX don't cars 

E2-uO Ee Q#X dom" t care 

ze 35 DESI H*X  ;don't care 

25-92 FUNCT HPX uum t care 

EN —30 anesow CAPRY BHX ¡don't care 

as 21 SiA1/I1SI IERI ¡test macro zero 

2g CED B#1 sem lace Micro stat 
ae GER Bal ¡don't latch macro stat 
ao —cO EMBSHET B+11 ¡command 

BESSE eam H#9  ;test AM2S04 CT 

15 BEd B+1 ;don’t set breakpoint 
like SPAPE X «not used 

1 co ADDRESS BHX ;don’t care 

En ADDFESS nas EE 


Ej-O AM2910 TRST R HRPE Continue 


EENS EENS, MICROUOED:FFFF EH4F9 FFFE (X=1) 


ESUTENIS: 


This micrcroutine only demonstrates the use of the 
sequencer. The remainder of the microinstruction is then 
set to safe values as shown above. This microword only 


instructs the sequencer to goto the next sequential 
Nussruoction in DL. 
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LINE MO. EUN 
OPERATION: CUNETA Elke 


ire DEUIGE pep VALUE EXPLANATION 

tas FEGSPCE Q#X don t care 

AT AHMe seus TEIN BHY  ;don't care 

T3 WEY B*X ¡don't care 

toa tO S@URECE QHX ;don’t care 

eit BEST H#X don’t care 

de 3E ea H#X ¡don't care 

21230 Sia Ol CAPRY BHX ‘Gem © Gage 

e STST/TSI. 6? ~pestemneess) 2ene 

Es CEU B#1 :don't latch micro SM 
cic CEM B#1 -don’t latch macro stais 
el=20 EMDSHFT  B#11 scanmand 

SS Eno H#9  ;test AMz2904 CTI 

15 EKET B#1 ¡don't set breakpoint 
Lo SPARE X «not used 

E AHORESS B#00 ;branch address MSB 

] ADDRESS H#20 ;branch address LSB 

im) DCL EISE H+1 CJA 


RESULTING MICROWORD: EFEFFF EYES Ceac 


COMMENTS 

This microinstruction performs an unconditional mp 
WES address  OOGOKH? as indicated by the branch address 
Bits 13 of ne preellimes 


ZO 


EIE NB. "0020 
GeeroliGgn: CONTINUE 


BITS DEUTCE FIECO VALUE EXPLANATION 

ES tS Resort Q#X ;don’t care 

Bd AMeSeoa TEN BHX ;don’t care 

E DEY BHX ¡don't care 

22-40 Sere E Q#X  ;don't care 

29-36 DESI HSX ;don’t care 

a957 32 PUNET H#X ¡don't care 

EM — JO amego4 CARRY Bieta dan t care 

Ek e ER Elek test macro zero 

as CEU B#1 adam € latch micro stat 
pe CEN B+1 ;don’t latch macro stat 
exeo COS AE T B+11 ¡command 

E15 END H49 cese ANe30O+ CT 

t5 BKPT B+1 :don't set breakpoint 
TH SPARE X ;not used 

STO ADDRESS BHX ¡don't care 

at ` ADDRESS Het seem E care 

a O amexa10 INSTR HRE Come i nue 


meseLTING MICR@WORD:FRFFE EUFS FFE CX-1) 


EBHIHENIS: 
This microword only instructs the sequencer to go to the 
next sequential instruction in WCS, i.e., address O0O021CH). 


ZI 


LINE NOS: 
OPERATION: 


BTS 


BLEED VALUE EXPLANATION 

REESE Q#X ;dam t care 

IEN BHX  ;don't care 

OEY BHX ¡don't care 

SOURCE Q#X ;don’t care 

DESI HHX ¿don't care 

PONET HAX ¿don’t care 

CARRY B#X „don t Gage 

SIAI/ISI G#¢o -tegt macron TTA 

CEW SEN :don't latch micro Stam 

CEN B#1 .don't latch macro stat 

[EIJEBESHET B+11 ¡command 

CMD HS ¡test AM290ł CT 

BKPT BH1 ¡don't set breakpo mme 

SPARE X - not used 

CONSTANT  B+*00 ¡counter holds 10 bits 

CONSTANT HF*OY Masa 12 Wis ee 

INSTR H#C ;ldct w/t 2 Cont nug 
EMES COSME =] 


RESULTING MICROVORD EPER 


DEV Gee 


AMEICOJ 


AMeSO4 


AM2910 


COMMENTS: 


This 
UPEN 


the 


Mie canos ns eos 
value 
lnstrüccliorn Im WES: 


Oc 
LOAD THE COUNTER W/4 2@ CONTI ER 


and ta 


1.e., 


go 


Ze 


ES 


the 
address 0022. H), 


the sequencer to load the counter 
sequential 


next 


eye Ne: 
OPERATION: 


BITS 


ae a eee eee emm S G G G emm G wm eee eee D «a a am «am am ue te mm mm mm emm mm mm emm emm es es D D es ss es es D ss D D es es D es es D D D 


RESULTING MICROWORD: FFFF 


DEO ee 


AMES 


Anggot 


AM2910 


ERSIIMENTS: 


inis 


Weer cH) 
to the next sequential instruction once the counter equals 
There will be a total of S loops. 


Zero. 


G@ee 
SE EES EE 


PIELE VALUE EXPLANATION 
REGSRC Q#X ;don’t care 
IEN BHxX ;don’t care 
lee BHX ;don’t care 
SOWRCE Q#X ;don’t care 
BEST HHA sum t care 
FONETI H#X don't care 
CARRY BX ¡don't care 
STAT/TST Q#44 ;test macro zero 
(ESI B+1 "uat latch micro stať 
CEN Pt! eS @em t latch macro stat 
ENBSAF TI B+11 ¡command 
CHE H9S ë ; test AMNMZ290ł4 CT 
BIST Däi ;don’t set breakpoint 
SPARE X ;not used 
ADDRESS BHOO ;address MSB 
ADDRESS H*22 ¡address LSB 
INSTR Meo “eas unt iivctr=0 
Pome Cees "Ow. 


microword instructs the sequencer to loop to 
eoe TP 


decrimenting the counter each time and 
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AAA 
ORE RATI ON: 


Bus 


RESULTING MIRROR PE iS 


nue 


AMegecog 


AMegot 


AMeS10 


COMMENTS: 


This 


Inu Ir i 


UMeong. elomau 


the 


address 


subsequent 


OGes 
UNCONDITIONAL SUBR CALL ae eeeee 


return, 


PEO 


SIAI/ IST 
CEU 

CER 
AMS rs 
EB. 

Bee 
SPARE 
ADDRESS 
ADDRESS 
INS TR 


instructs 


VALUE EXPLANATION 

Q#X : don’t care 

B#X ¡don't care 

B*X ¡don't care 

Q#X ;den’t care 

HSV ‘dom t Care 

H#X ;don’t care 

BRX aon t care 

Q#H44 ¡test macro zero 

B#1 : don’t latch micro stage 
B+1 ‘don’t latch macro sta 
B+11 ¡command 

H#9 ¡test AMNeSOY CT 

BH#1 -dan’t set breaksoree 

X «not used 

B#01 ¡address MSB 

H#00 ¡address LSB 

HAT AENA 

EOO3  CX-12 


the 


sequencer tg 
subroutine call to UCS address Oe00.H). 
the sequencer will 
OO CH) which will be stored on the stack with the 


perform 


¡UMD Un 


call and popped off the stack with the return. 


on 


VES 


E ETNO: 0024 
HREReTION: dump TO OOOOCH) 


ETIS DEUIEE PEE VALUE EXPLANATION 

= tS REGSRC Q#X ;don’t care 

E AN2S203 TENI BHX ;don’t care 

23 DEY B#X ;don’t care 

2> 40 SOURCE HX AOO t care 

E95 DEST H#X  ;don't care 

o> 3c FORCI H#X ¡don't care 

g- 30 AM290ł4 CARRY BIX don t care 

es ct SM” TS TOR test macro zero 

ea : CEU BH1 Saca: laten micro stat 
EE Cia BFI ¡don't latch macro stat 
Eco EMS AFI B+11 ¡command 

MF165 , EMD HO ¡test AM2904 CT 

15 BKPT SFin don t set breakpoint 
it SPARE X ;not used 

N3-1c ADBRESS Bä ¡branch address MSB 
ME ADDRESS H*00 ¡branch address LSB 

2- 0 Anes ro INSTR na lo SEIS 


BeeeEtING MICROWORE: FREER EYFS Cool (X=1) 


COMMENTS: : 

mais mieroginstruction performs an unconditional jump to 
WES address OOOO°CH) as indicated by the branch address 
Bees 4-13 of the pipeline. 


Z5 


LINESNG,: 929 

OPERATION: RETURN 

Bigs DEV GEE FIELD VALUE EXPLANATION 

T7- HTS Ires (TX don't care 

EDGE meses TEN B#X ¡don't care 

+3 OEY BHX ;don’t care 

dero SOURCE QX ;don’t care 

deg DEST H#X  ;don't care 

deco PANETT H#X ¡don't care 

d AMeso4 CARRY BEX uon tC care 

ese t STAT/TST Q#ł4ł4 ;test macro zero 

es EH B+1 -don’t latch micro S aoi 
ee EEN B+1 ¡don't latch macro seas 
els [MID S EET BH11 ;command 

Ter CMD HR EE Sch 

ES DIRE B+1 ;don’t set breakpoint 
14 ESSERE X ;not used 

loeis ADDRESS BHXX ¡don't care 

att ADDRESS H#XX dom t care 

3-0 anesio INSIR H#3 SEED 

RESULTING MICROWORD:FFEFR. EUFS. HEROIC Ae 


COMMENDS: 


This 


inar oHG a 
address 


1mnstriucts 


the sequencer to 
off the stack and return to the line following Gre 


command that called the subroutine. 
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pop 


APPENDIX C 
X 


EENG ECKE, FOR IHE S EES KEE TNE 


ME. NO... 9799 

NEBLATLION: PASH ABB. GN STACK, LO CTR W/0e 

des DEVICE FIELD VALUE EXPLANATION 

ra tS lat QHX ¡don't care 

Get dep IEN BH1 ¡disable Am29203 

F3 OE y B#X mm t care 

2e- Ho SOURCE USA ;don’t care 

5365 BEST H#X -don’t care 

Edo PRISE HĦ#X dont care 

31-30 AM290Ħ CARRY S400 TOT CArry in 

29 24 SIAI/ ISF  0Q08#}xX ;don t care 

23 CEU Bre +Gom t latch micro stat 
pc CEM BRL ¿usa E latch macro stat 
beste? CHOSHFI BALDA mO command Or Shift 

IS ERR CAM H#X ¡don't care 

d) EKPT B*1  ;don't set breakpoint 
3 SPARE X ;not used 

Mic CONSTANT  BSOO ¡upper cd Bits of counter 
Bb REGSEL RA HHO ;counter data 

p-u RB HH2 messed Eounter with e 
Eist? Ales © PISTE ite Oust «1G tez, continue 


EESgETIMG MICBOUDORD: FFFF 3FFF CO24 CX=13 





EU JTMENTS: 

This instruction only involves the use of the sequencer, 
hence all the don't cares through the documentation. This 
instruction sets the address O0100(H3 on the stack. This 
Access is returned to on theae outer loop, aa The 


Eogunter is also tloaded in this microcycle so that the 
inner loop will execute three times. 
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CINE NOT: Pere 
ÜDPFEPOTIDNENENMEMU INIM 


ES BEM EEE ETECH VALUE EXPLANATION 

a tS RPESRE UR reg, spec. by pipeline 
EE Ameg203 TENI BHO  ;enable Am29203 

Hs HEY EHI -disconnect Y DUS 

des 0 Source QHO ;sources are regs. 

a do UEST Häll ` ¡result to y 4 Bo cen 

E 2 FUNCT H#X  ;don't cars 

ce 0 amexgo4 CORRY B#00 na carry in 

Ep STAT/TISI  G#xXX don crearse 

Es] CEU B+1 ;don't latch micro Seem 
ae EEN Bl ;don't latch macro Stag 
2l- 20 (SHIT BHOl1 ¡command enable 

ISS TO CMD H#3 ;memory read 

15 BKET EH1 don't set breakpoint 
E SPARE x snot used 

eS =e CONSTANT B#XX ¡not used 

JAR ESSE L RÁ H*1 ¡memory address in Rl 
gst Eu H#4  ;data destination EM 
d Anaato INSIR HRE ¡continue 


RESULTING MICTPOWOSD: OBirASEDS Ee 








COMMENTS: 

Bits 45-47 declare the source registers to ba in the 
pipeline. Therefore, bits 4-11 set PATE! 3nd RE Tok The 
ALU source (bits 40-42? are these registers and the 


destination (bits 36-39) is RB=R4. The Functiom (bits m 
35) is a noop since the ALU is not connected to the Y ames 
The ALU is enabled only to allow the loading of the data 


to RY. The command field is enabled to read from memory. 
The address to be read is held in Rl and the contents of 
that address are to be sent to R4. Ihe Am2910 is 


instructed to continue to the next sequential instr roc kami 
This operation reads the neighbor from memory and stores 
the value into RY. RY is to be the accumulator for the 
Four reads from memory. 
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SRE NO.: 0102 

BEIENEEUUIUN: RO + R1 -> R1 

BITS DEVE EBD ET VALUE EXPLANATION 

47-45 PEGSRE Q#O ;reg. spec. by pipeline 
det ANeS203 TEN BHO ¡enable Ame2xa203 

p QEY BHO ¡connect Y bus 

= tO SOURCE O#O ;sources are regs. 

293- J6 DESTI H#4 ¡result to y & B-reg 
35-32 FUNCT H#3 ¡add 

EN — 30 Alleso+ CARRY BHO ;no carry in 

Eër EE SE -don’t care 

E CEG Pr aon t latch micro stat 
ae CE B+1 don t latch macro stat 
el 20 [MBSHFI BHOl1 ¡command enable 

eS CM a y (2 ajo 

1555 BKPT B+1 ¡don't set breakpoint 

Int SPARE X ;not used 

Elec CONSTANT B#XX ;not used 

Pie REGSEL RA HHO  ¡RA=RO 

et PB Hee > RBar] 

E) ANeS10 INSTR H#E Continue 

pesH-IING MICROWORD:  QOX*3 SFDF EOQ1E  (X=1) 

IBEDIMENIS: 

Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RA=FO and RE=Fl1. The 
ALU source (bits 40-429 are these registers and the 
See maclom (Exts 35-39) is EB-Rl1. The function Cbits 3e- 
353 is an add of the source registers with the result 
Eum sent to RB=R1. The Am2910 is instructed to continue 
to the next sequential instruction. Fi is the register 


that holds the address of the neighbor to be read. R1 is 
sanea zed to OOO1CH) for the First read and is now 
incrimented by the value of RO, 4, to the next address to 
be read. 
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LANE NOD OO 
OPERATION: ANOS 


BITS DEIS PAELDI VALUE EXPLANATION 

(1725 FEGSRE Hä ;reg. spec. by pipeline 
EE AN23203 TEN ESO ¡enable Am2s203 

LS OEY B#1 : disconnect rIDUS 

ust SE US ¡sources are regs. 

3J- J6 DEST H#4 result to y € B-reg 
39532 PUNSET H#X ;don’t care 

31530 AMeSO04 CARRY BHOO MOE Sar cun 

cose + SIAT/TST TORXX OO ese | 

es CEU B#1 «¿don't latch micro stam 
ec CEN B#1 don't latch macro stam 
ES e O Crust LT B+01 ¡command enable 

TITS O H#3 ¡memory read 

15 BKPT B#1 ;don’t set breakpoint 
D SPARE X ;not used 

Lane CONSTANT B#XxX ¡not used 

iS REGSEL RA H#1 ¡memory address in R1 
rct RB H*3 ¡data destination R3 
(3-0 Ales EO INSTR HĦ#E :cõntinue 


RESULTING MICROWGRE: “OSS! “Shas eae. Cam 


a) ee 
Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-711 set RARI and FEST F The 


ALU source (bits 0-42 are these registers and the 
destination (bits 35-39) is RB-R3. Ihe function (DIS 
359 is a noop since the ALU is not connected to the Y bus. 
The ALU is enabled only to allow the loading of the data 


to R3. The command field is enabled to read From memory. 
The address to be read is held in R1 and the contents of 
that address are to be sent to R3. The fAmcS810 is 


instructed to continue to the next sequential instruction. 
This operation reads the neighbor from memoru and SEM 
Ene (Value Sheep eer 
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ee oNO.: O10% 

Sees tON: Ra + R4 —> RY 

BITS DEVICE ESSI VALUE EXPLANATION 

ee tS REGSRC Q#O ;reg. spec. by pipeline 
T ames203 IEN BHO ¡enable Am23203 

19 E BHO  ;connect Y bus 

Ae — +O SOURCE QH0 ¡sources are regs. 

27-36 DESI H#4 ;result to y & B-reg 
EE-3Jc FONET H#3 ¡add 

231 30 AM290ł CARRY Soe Memearly in 

eJ t SUuBL/ISTOSEPXX don t care 

eS SEN SEN Com E latch micro stat 
ee CEI B#1 ¡don't latch macro stat 

i 20 RSA EE BHOl1 ;command enable 

i che Mee -; noop 

19 BKPI B#1 ¡don't set breakpoint 

at SPARE X «not used 

Ma 12 CONSTANT B#XX ;not used 

8 REGSEL RA H#3 EIC 

pH RB Het ; RB=RĦ 

29-0 AM2910 NS TER nite continue 

Resell ING MICROWORD: 0043 3FDF FSYE (X=1) 

MOMNMENTS : 

Bits 45-47 declare the source registers to be in the 
Ee) Ze. Therefore, bits 4-11 set RA=R3 and RB=P+4. The 
ALU source (bits 40-42) are these registers and the 
Pea paelom Eits 35-395 1S RB=R4. The function (bits 32- 
35) is an add of the source registers with the result 


being sent 


COM Ee. 


to the next sequential instruction. 


the 


Ihe Ame310 is instructed to continue 
R3 holds the value of 
neighbor read from RAM and is added to RY which is the 


accumulator for the addition of the Four neighbors. 


ERR 


LINE TNO S Giles 

OPERALIGN: MM A 

BRIS DEJTCE ETEELD UALUE EXPLANATION 

ARES REGSRE QHO  ;reg. spec. bu pipeline 
TA ESA TEN BHO ¡enable Amexacoa 

te Bry BHO ;connect Y bus 

dec] Siete QHO  ;sources are regs. 

de dE DINE HH ¡result to y & Broree 

EI FONET H#3 ada 

dico AM290ł CARRY B#00 ;n@ Garry in 

esse SIAT/TST "OXX um cas 

es DR GEN -don’t latch micro stam 
ee CEN B#1 ¡don't latch macro stae 
mile EMBSTE E B+01 ¡command enable 

jer CMD HF  ; nega 

15 BRET Bail den t set breaks 

14 SPARE X ;not used 

Todes CONSTANT B#XX ;not used 

SS REGSEL RA He  ¡RA=Re 

Pad PB Hal ` be 

m ANeS10 INS TR MRE ¡continue 

RESULTING MIEROWORD:. 0093 —323EDF T E2 E SEO c 

COHENI S: ; 

Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RA=Re and RB=P1. The 
ALU source (bits 40-42) are these registers and the 
destination Cbits 36-39) is RB=R1. Ihe Function (fies 
35) is an add of the source registers with the result 
being sent to RB-=R1. The Ame910 is instructed to conte 
to the next sequential instruction. The address of the 
next neighbor to be read is incrimented by 2 to read the 


neighbor to the right of the súubDlectEon el 


Be 


= ETNO.: 0106 
WRERSTION: MEMORY ~> R3 


BITS DEUTCE FIELD VALUE EXPLANATION 

pU IESU QHO ;reg. spec. by pipeline 
Hu AM29203 LEN BHO ¡enable Am29203 

Ed ORY BH1 ;disconnect Y bus 

2- tO SOURCE QHRO ¡sources are regs. 
38-36 BEAT Hs ;result to y & B-reg 
25-32 FUNET H#X ¡don't care 

ki. — 30 AIT S CARRY EO neeesrru inm 

23 -ł STAT/TST Q#XX ;don't care 

23 CED B#1 tee latch micro stat 
ee CEM BH1 Gon C latch macro stat 
zu cO EMBSAFTE B+01 ¡command enable 

ma 16 E H*3 ¡memory read 

ÉS BKPT B+1 ;don’t set breakpoint 
I SPARE X ;not used 

fo 12 CONSTANT B#XX ¿not used 

La REGSGEL RA H#1 ;memory address in RI 
pH RB H#3 ¡data destination R3 
EO amexag10 INSTR HSE ;continue 


eee liNG MICROWORD: OSSF SFUS FISE CX=1) 


€ 


PRMENTS: 

Bits 4S5-47 declare the source registers to be in the 
pipeline. Meet Dits 4-11 set RA=R1 and RB=RJ3. The 
ALU source (bits 40-42? are these registers and the 


MI o 95:5 2e-39) is RB=R3. The function (bits J32- 
35) is a noop since the ALU is not connected tc the Y bus. 
The ALU is enabled only to allow the loading of the data 


to R3. The command field is enabled to read from memory. 
The address to be read is held in P1 and the contents of 
that address are to be sent to R3. The Am2910 is 


instructed to continue to the next sequential instruction. 
This operation reads the neighbor from memory and stores 
the value into EJ. 


og 


LINE Noes "Og 

OPERATION: R3 ko => ko 

ETIS DEDOS ESSET VALU EXPLANATION 

eet S FEGSRE Q#O ;reg. spec. by pipeline 
SE ESSE IEN BRO ¡enable Ame23203 

SES a BHO ¡connect Y bus 

tere to) SOURCE Q#O ¡sources are regs. 

3385 DEST HAY — ¡CESUÚTE to d 2 O TES 
33398 FUNCT H*3 ¡add 

31530 anesou CARRY BHOO ;n@mearru ein 

peces SIAT/TST 0#xXx don C onre 

23 CELU B#1 :don't latch micro stas 
ee CEN B+1 :don't latch macro Stam 
elcegg Rust BHOl1 ¡command enable 

1-10 mu H#F  ;noop 

15 BERI EEN «don*t set breakpoint 

Tu SPARE X «¿not used 

lode CONSTANT  BHXX ;not used 

ITE REGS. RA HH3 ; RAZEI 

ie RB Hait ; RESET 

a Y ANeS10 INSTR HE cont inús 

RESULTING MICROWORD: EU, EE Ke 

COMENT: 

Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RA=R3 and RB=RĦ. The 
ALU source (bits “10-42 are these registers and the 
destination Cbits 36-39) is RB*R4, The function o 
33) is an add of the source registers with the result 
being sent to RE-RM. The Am2910 is instructed to cone aaa 
to the next sequential instruction. R3 holds the value of 
the neighbor read From FAM and is added to Fi which is the 


accumulator for the addition of the four neighbors. 


eid 


meee Nes 0108 
BOBSROTTON: - RO + R1 -> Ri 


EITS DECIME PIELD VALUE EXPLANATION 

Ep im Res E QHO ;reg. spec. by pipeline 
E ANE=203 IEN BHO ¡enable Ame2a3203 

R3 OEY BHO ¡connect Y bus 

pe tO SOURCE Q#O ;sources are regs. 
29-36 DESTI H#4% ;result to y & B-reg 

ae jc FENCI HH*3 ¡add 

3t 30 amnesou CARRY DIOS ngNcarru in 

eco STAT/TST Q#XX ;don't care 

29 CEE BRR don t latch micro stat 
es CET B#1 Qom & latch macro stat 
co Gibbs tT B+01 ¡command enable 

et Es CMO tis = near 

US BKET EST -don t set breakpoint 
T SPARE X ‚not used 

Hle CONSTANT  B#XX ¡not used 

E REGSEL RA Ha ; RA=RO 

pd RB HHL 4 RESRI 

SO AM2910 TIUS LUE Continue 


Peel iNG MICROWORD: —0043  3FDF FO1E  (X=1) 


COANNENTS: 
Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RáÁ=PO and RB=F1. The 


ALU source (bits 6340-42) are these registers and the 
Ree (bits 38-39) is RB=R1. The function (bits 3c- 
359 is an add of the source registers with the result 
Being sent to RB-Bl. Ihe Ame310 is instructed to continue 
to the next sequential instruction. R1 is the register 
that holds the address of the neighbor to be read. Fl is 
Emus 2lsedeeto OOOlCH) Fore the First read and is now 
incrimented by the value of RO, 4, to the next address to 
be read. 


BS 


LINE SM S: Goo 
OPERATION: THE OR E Ev 


ERIS DEO hee ETECO VALUE EXPLANATION 

tog ISSN QAO  ;reg. spec. by pipeline 
HH Ego IEN BHO ¡enable Amexa203 

us DEY B#1 ;disconnect Y bus 

dee SOURCE QAO ;sources are regs. 
TO BEST H#4 ;result to y & È Ton 

aS aoe FUNCT H#X ¡don't care 

530 amexgo4 CARRY BHOO ;nS carry im 

cuo-ecH STAT/TST Q#XX ;don’t care 

e CEB B#1 ¡don't latch micro suma 
ee CEN B#1 ;don’t latch macro stam 
E ce EMS AE B#01 ¡command enable 

PSIG CHD H#3 ¡memory read 

nS BRETT B+1 ¡don't set breakpoint 
TM SPARE X CMS E: CI 

Tre CONSTANT B#XX ¡not used 

Vg eet ETE RA H*1 ¡memory address in RI 
en RB H*3 ¡data destination R3 
Eus AMES 10 INSTR HRE Eeer 


RESULTING MICROWORD: Q8HF antes oo 


(CI EPIS 
Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 44-11 set RA*EL and RBA The 


ALU source (bits YO-4te+ are these registers and the 
destination (bits 36-39) is RE=R3. The function Er MD 
35) is a noop since the BLU is not connected to the Y bus. 
The ALU is enabled only to allow the loading of the data 


to R3. The command field is enabled to read from memory. 
Ihe address to be read is held in P1 and the contents of 
that address are to be sent to R3. The Am2910 is 


instructed to continue to the next sequential instruction. 
This operation reads the neighbor from memory and stores 
the value into R3. 


86 


Pe NG. : 


OlIOR 


EXPLANATION 


-— a — que qe o e se ee ee oe a se se De De o De oe oe e o o o oe oe oe a se. mm e Dn o: UD mm mm e e e <= e emm e o o oe o o mm De o es es ee em ee wm am 


OPERATION: R3 + RY -^ RM 

BITIS EISES FELD ABE 
e 45 REGSRC Q#O 
Ti AM29203 TEN B&RO 
E (JE BHO 
E- 40 SB SE: Q#O 
gg- 35 DESI Hu 
Be Jc BENET H#3 
B= 30 AMES: CARRY BHOO 
ema STAT/TST Saa 
E EB B#1 
ec CEN B#1 
ee) [ODISSE EST. BHOI 
15-165 Cha Hat 
T5 BKPT B#1 
Tt SPARE X 
aL e CONSTANT BRXX 
la 8 RESSEL RÁ H#3 
pd RB H#4 
EI AM2910 INSTR H#E 
pDSEULTIING MICROUORD: 0043  3FDF 


CANNENTS: 

Bats 45-47 
pipeline. 

ALU source 
destination 
35) is an 
being sent 


the 


Therefore, 


declare 


(bits 


the 


source registers to be in 
Bats Geli set RA=RS and EB=EY. 

TOTZ] 
Mes 2339) 15: ABRO, 
add of the source registers 
Ea 


are 


;reg. spec. bu pipeline 
«enable Am2S3203 
¿connect Y bus 

: SOUTCes are regs. 
«result to y & B-reg 

: add 

SIE EE L-n 

“dem t care 

dem čt latch micro stat 
sem C latch macro stat 
- Command enable 

POSE 

;don't set breakpoint 
snot used 

«not used 

: RA=R3 

ICI T 

{conti nus 


rto x-TI 2 


the 
The 
registers and the 
Ace amerlenm CDitS 32- 
with the result 


these 


The Am2S10 is instructed to continue 
to the next sequential instruction. 


R3 holds the value of 


neighbor read from FAM and is added to RH which is the 


accumulator for the addition of the Four neighbors. 


67 


LINE No TOOB 
OPERATION: E@GIEAL SHIFI RIGA TREH EE-E 


BITS DEV Tee FPIELO USACE EXPLANATION 

SoS REESE Q#O ;regs. spec. by pipeline 
e deem IEN BHO ¡enable Am29203 

qa [MESS E#0 :cannect TRENS 

de Sei Ree QHRO ;registers 

aS 6 DESTI H#1 ;regs., log. downshift 
deus PENET H#4 ;pass through 

ness AMNeSO4 CARRY BHOO MMC ia 

ease STAT/TST OQ#XX ;don’t care 

ES CEW SEN «don't latch micra sco 
ee [SEN B+1 :don't latch macro sta 
eu ENBSAF L B+10 ¡shift 

pes EMD HRO ¡shift left, bring ME 
De BIST B#1 ¡don't set breakpalae 

e SPARE X not used 

ae CONSTANT B#XX ¿not used 

ASS RESSEL RA H#X ¡not used 

ag - RE HHH So EPR] 

BO anesio INSTR RE emm 


RESULTING MICROWORD: 0014 JEFO Fr OFE Ge 





COMMENTS: 

This instruction enables the ALU only to allow the passing 
oF the data to be shifted, Rui, RY is sent onto the Y bus 
and is passed through the AMeSOY which shifts the bits t3 
the right and fills with a zero. The shifted value Xs 
then put back into R4. This accomplishes a divide by two. 


Bg 


INEA... EK 
Gmeeel iON: LOGICA SHIFT RIGHI QF R& 


Slits DE CHEE EES VALUE EXPLANATION 

pou» PEGSRC QHO ;regs. spec. by pipeline 
EHE amesg203 IEN BHO ¡enable Ames2o3 

E? QEY B#0 «Esmmpect Y bus 

Eescht) SOWRCE Q#O ;registers 

2393-36 DESI H#1 ;regs., log. downshift 
25-32 FORE I Het ;pass through 

21-30 OG OH CARRY ESSI. udsercarri in 

Eod oum ng EIERE care 

23 EEG B+1 mem €E latch micro stat 
EE CET B#1 Son Gc laten macro stat 
Eu c0 Csr i B#10 ;shift 

ma 16 Ens HO smt left, bring in Q 
lS BNP IT B+1 ¡don't set breakpoint 
IET SPARE X “mete Used 

ml CONSTANT B#XX ¡not used 

NES REGSEL RA HĦ#X ¿not used 

pu RB Het  ¡SM15E RM 

20 AM2910 DIJSTIS KEE DIE 


E EENS MIEROUDRB: 0014 3FEO EFHE (X=1) 


EBUMENTS: 

This instruction enables the ALU only to allow the passing 
oF the data to be shifted, RY. RY is sent onto the Y bus 
and is passed through the AM290ł which shifts the bits to 
the right and fills with a zero. The shifted value is 
then put back into RM. This accomplishes a divide by two. 


BS 


CINE TRO; 


CADA 








OPERATION: EE EST 

EIS DESEE DEE VALUE EXPLANATION 

TE FEGSRC Q#O  ;reg. spec. bu pipeline 
HH AM29203 TEN BHO ¡enable nAmeseo3 

SC DES BHO  ;connect Y bus 

TEO SOURCE Q#O ;sources are regs. 

Go| J5 DESI H#C ¡result to y bus only 

JSS e POUC T H#4 ;pass through 

Jio Te CARRY BHOO ¿me Carry 

Suse 1 SIAT/TST  OĦ#XX TRON Care 

eg Gia) BHI ¡don't latch micro stat 
ae CEM B#1 ;don't latch macra stag 
erl- CO CHOSHFTI B#01 ¡command enable 

SA CMD H#3 menoro ur ite 

TS BKET B#1 ¡don't eet Drees 

TH SPARE X ¿not used 

MS LE CONSTANT B#XX ¿not used 

DES EEGSEL RA H*7 ¡memory address in R7 

yu RB H#4 ;data destination Ru 

SES AM2910 INSTR HHE ¡continue 

RESULTING MICROWORD: OOC4%  3EDU MEEDE “cae 

COMENTS 

Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set Rese’ and FE ROS The 
function (bits 32-35) is a pass through since the ALUMNAS 
only to put the data on the Y bus. The command field is 
enabled to write ta memory. The address to be written to 
is held in R7 and the contents to be written are in Ri. 
Ihe AmZ910 is instructed ta continue to the next 
sequential instruction. This operation writes the avena 


to the smoothed array in memory. 


J0 


SENO.: OLOE 
Wikzerzkebsikk:, ` RE — Ree R1 


Sits DESI: PLECO VALUE EXPLANATION 

E RESSRL Q#O ;regs. spec. by pipeline 
a AMz29203 TEN EHO  ;enable Am29203 

73 OEY BHO  ;connect Y bus 

e 40 SOURCE QHO ¡registers 

39-36 DEST Hsu ;result to Y bus & B reg 
ERES — Jc PONET H#1 ;subtract 

23 —30 ANeSOY4 CAREY BHOO ¡no carry in 

aa eH STAT/TST Q#XX ;don’t care 

ag CEG BH1 "ut latch micro stat 
ee 21 SEN summ laten macro stat 
2r- Z0 ENS ET BH11 ;no command or shift 
E EMD H#X ¡don't care 

15 BKET Däi ;don’t set breakpoint 

mt SPARE X ;not used 

e CONSTANT B#XX ;not used 

2 9 PESSEL RA H#6 £; PA=R65 

at RB HHl :PBeml 

3-0 aneaio INSTR Rte ies SeneLnue 


Bese tDNG MICR@WORD: —O0*1  3FDF -E83E c¢xX=123 


MENMENTS: 
Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RA=R6 and PE=P1. The 


ALU source (bits H40-“2 are these registers and the 
mae On Bits 38-39) xs RB=R1. Ihe function Cbits 3e- 
35) is a subtract of the source registers with the result 
being sent to RB=P1. The AmeS10 is instructed to continue 


to the next sequential instruction. R1 is the register 
that holds the address of the neighbor to be read. R1 is 
at the end of one set of four reads and must be 
reinitialized back in the array so that four neu reads 
From memory can again be executed. It is decrimented by 
€. 


T 


LINE NGET: Omer 
OPERATION: AN in? 


Bigs BEUTEE IUE) VALUE EXPLANATION 

Al O KESSRE Q#O ;reg. spec. by pipeline 
HT ANeS203 IEN ESO ¡enable Am239203 

ud GE Y BHO  ;connect Y bus 

42-40 SOURCE QH0 ¡sources are regs. 
deg DESI H#4 .;result to y & Bases 
¿e FUNCT H#4 3mm mg 

rs ANeS04 CARRY BHROO ¡nuestro in 

pee SIRMI/IST GHXX dot Esse 

es CEW B#1 ¿dont latch micro siom 
eS (E BH1 -don’t latch macro Stam 
Ec ENMDBSEHPET ESXX dem e Gere 

late CMD HA dome care 

T EKPI BHI ¡don't set breakpsermum 
T SPARE X ;not used 

taste CONSTANT B#XX ¡not used 

HSE RFEGSEL RA Hax ;don’t care 

Ten RB Ht7 ;PRB=R7 

30 AM2910 INSTR HHE — costing 


RESULTING MIGPOUBRD: OOS2 XZEFF uS dEr 


COMMENTS: 
Bits 45-47 declare the source registers to be in the 
nipeline. Therefore, bits -11 set PRA=XX and ERN. The 


ALU source (bits 40-42? are these registers and the 
destination (bits 36-39» is RB=RY. The function (DIES jaa 
352) is an incrment of the source register with the result 


being sent to RB-P7. The Am2910 is instructed to cont Soe 
to the next sequential instruction. R7 is the address 
that the next average will be stored into. This is the 


address of the smoothed array. 


Sc 


EE NO.: OTIO 
EESDENUENCOSBESGE. COUNTER, JUMP TO LOOP1 IF >0 


BITS DUNE E E ELO VALUE EXPLANATION 

tS ala RC Q#X ¡don't care 

Te AM29203 IEN ESX ;don’t care 

nuts BEY ESX  ;dan't care 

ne ~tO SOURCE QHX  ;don't care 

28-36 DEST HÉ*X ¡don't care 

5-32 FONET H#X  ;don't care 

EM —3O0 anesou CARRY EROS coo Xm 

ACA Sat iow DHX don't care 

23 CS B+1 Tenet Laced micro stat 
ae CEN B#1 ¡don't latch macro stat 
miu c0 -u ENS ETE T BHXX ¿no command 

-16 Ene H#X ¡don't care 

cS BKET B#1 ;don’t set breakpoint 
Jigs SPARE X not used 

LEA CONSTANT  BHXX ;not used 

HRH REESEL RA H#X ;don’t care 

i RB ACE care 

EO AM2910 INSTR Ha ee. counter, cont. >0 


LDISSBIILINGOMICRGOUBORD: FEEFFE 3FFF EFFB (X=1) 





COMMENTS: 

At this point, the first average has been written to the 
smoothed array. This is to be done a total of three times 
per row. The counter is decrimented and tested for zero. 
IF not yet zero, the sequencer loops back to address 
BOOOCH?. If it is zero, the sequencer continues tc the 


ext Sequential instruction. 


eu 





LINE NOT: NONEM 

OPERATION: TRI +- Pea MI 

BITS De ue E VALUE EXPLANATION 

o REBSSBE Q#O ;reg. spec. by pipeline 
ao AMe2Se03 TEN ESO ¡enable Amese20o3 

Ta DEY BHO ¡connect Y bus 

HO SS IS CO ER Q#O ;sources are regs. 

33-36 DEST H#4 result to y & B-re 
SE PUNET H#3 ¡ada 

JBA AM2930ł4 CARRY BHOO ;ne@earry am 

eset STAT/ISI Q#XX ;don’t care 

E CEH B+1 ¡don't latch micro stii 
ES CEN Pai ;don't latch macro stam 
Geet? ERBDSHET B#01 ¡command enable 

19215 GM H#F- SEE 

t3 BRET BHI ;don’t set breakpoint 

T3 SPARE x ;not used 

jg CONSTANT B#XX ¡not used 

10638 REGS Ee RA Huc Rome 

Vc ER AFI Ee 

ao AM2910 INSTR H#E  — ¡continue 

RESULTING MICROWORD: 0043 ED eae ee oe 

COMMENTS: 

Bits 45-47 declare the source registers tc be in tns 
pipeline. Therefore, bits 4-11 set RA=R2 ana RB=FR1. The 
ALU source fbits 40-42 are these registers and the 
destination (bits 36-39) is RB=R1. The function (bits ee 
357 is an add of the source registers with the result 
being sent to RB=R1. The Am2910 is instructed to continue 
to the next sequential instruction. The address of the 


next neighbor 
border values 
POLNEJ a row 


smoothed array. 


whicn 


gt 


to be read is incrimented by e to get by the 
Will be dealt with later. 
oF three averages have been written 


At 
en 


this 
the 


ET NE NIIS OLEO 
HSNGERTION: RY + Re -> R/ 


EITS EISES LEO VALUE EXPLANATION 

Kee Reesor C Q#O ;reg. spec. by pipeline 
Hu Aamea3203 IEN E#O ¡enable Ame2s3c03 

E BE BHO  ;connect Y bus 

e tO EUIS I E: QHO ¡sources are regs. 

E - Jo | DESTE H#4  ;result to y & B-reg 
2-32 FONC I HH*+3 ¡add 

EN —3O ameso4 CARRY B#00 no carry in 

dg- 2t Siem, tet O08#XX den” t care 

23 (E BR” dan t latch micro stat 
ee CER B+1 een t latch macro stat 
al 20 Bebo Fl B#01 ¡command enable 

MES 16 Cire Dub ong 

a Bred B#1 aden t set breakpoint 
Ta SPARE X ¿not used 

B 12 CONSTANT B#XX ¡not used 

1 8 REESE RA HHt2  ¡RA=R2 

Sch RB H#7 ;FB=R7 

SP) ames1o0 DNE HHE ¡continue 


WËSSEN MIERBWORD: 0043 JEDE F27E (X=1) 


ESDMIENTS: 
Bits 45-47 declare the source registers to be in the 
pipelines. lusertumses Hte 2711 set RS=R2 and RB=R/. The 


ALU source (bits 40-42 ace these registers and the 
Mestinmation (bits 36-39) is RB-B7. The function (bits 32- 
353 is an add of the source registers with the result 
Seong sent to RB=R?. the &meS10 is instructed to continue 
to the next sequential instruction. The address where the 
next average is to written is incrimented by 2. This 
moves that pointer by the border values which will be 
dealt with later. 


Shs 


PES 


Gia 


OPERATION" “ES -> RB, LAICH MIiCRESTAL REG hanes 

Bits DEVICE ETECH VALUE EXPLANATION 

t= tS REG Q#O  ¡reg. spec. by pipeline 
Eier e DEM ERO ¡enable Ame23203 

= EE ESQ csmHect YES 

eo: ©) SOURCE Q#O ;soùrces are regs. 

ja BEST H#3 descrriment bu 

dod , FUNCT HS ;special Function 

AO ane2sgo4 CARRY BHO] ;decriment by 1 

eses STAT/TST QO#XX ;latch ALU output 

e GEE B+1 ;latch micro stat 

ee CEN BHI ¡don't latch macro stat 
gio [E SHP BEB#11l1 ;nö commana 

ToS IE CHO H#F moge 

dE BRET B#1 «don't set breakpoint 

dE SPARE X :not used 

tJel? CONSTANT B#XX ¿not used 

JS REGSEL RA H#X ;don’t care 

y cH RB Hl o NEEDED 

350 Amexg10 INS TR HB ¡continue 

PESULTING MICROWORD: -0030 SOF  EEFSE etc? 

COMMENTS: 

Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RA=XX and RB=F9., The 
ALU source fíbits 40-42 are these registers and the 
destination (bits 35-3825) is BB-RB. The function (bits 
335 is a decriment of the source register with the result 


being sent to RE=R8. The Am2S10 is instructed to comtimEE 
to the next sequential instruce. on. The microstatus 
register is also latched. It will be tested on the next 


microcycle for zero. Ihis is the outer loop test. 


SE 


DUE C NOU.: OIlIM 
CORN Ee COUNTER, JUMP TO LOOP1 IF >0 


Bits Pew cE SED VALUE EXPLANATION 

EL rm RESSEC QÉX ¡don't care 

E AMese03 TEN BHX ¡don't care 

E BEC BEA ¡don't care 

32-40 SOURCE QÉX ¡don't care 

ao 36 DT H#X ;don’t care 

2353-32 FONET HRX | soon’ t care 

EN 30 anesod CAREY BROOR EH: im 

e9 2# STAT/TST Q#e4% ;test micro-zero 

23 CEO B#1 “dem c latch micro stat 
ec CERI E#1 den t latch macro stat 
Bëbee? EE B#01 ¡enable command 

i15 CMD H#9 ¡test nM2e304 CTI 

dë BRET BH1 ;don’t set breakpoint 
Net SPARE X snot used 

Gas CONSTANT B*O1 ;MSB of loop address 
HEB REGSEL RA HĦ#O ;loop address 

pd RB HHO ;loop address 

KSE ameg10 MIS TR H3 T CEIF to loopl. 7 test neg 


peus MPIBSBSUSED: FEFE DYDS boos c¢x=1) 





BEMNENTS: 

At this point, the three averages haves been written to 
the smoothed array. This is to be done a total of three 
times per row. Once the three rows have been completed, 
the sequence is to continue. This instruction tests the 
results of the decriment of RB, the outer loop counter. 
IF the result was zero, the sequence continues. LL mE. 


the sequencer loops back to loopl 


37 


LINE NO: OCIS 
GRERATION: V7 = fs soem 


BITS BEV TEs Pep VALUE EXPLANATION 

ASAS PEGSRCE Q#O ;regs. spec. by pipeline 
por ec ies IEN BHO ;enable Ames203 

TI MEY BHO :cannect Y BUS 

Sect] SOWREE Q#O  ;registers 

isis DEST H#4 ;result to Y bus & B reg 
35-Je FUNCT H#1 ;subtract 

3 aneaso«x CARRY BHOO ¡no carry in 

Goce t STAT/TST Q#XX ;don’t care | 

eo GE) SEN :don't latch micro SM 
ee CEN Bal ;don't latch macro Sacis 
ele GMB Sir + B+11 ¡ne cemmand or "Sima 
LSS) CMD H#X ;don’t care 

T3 ERST B+1 -don t set breakpoint 

TEE SPARE 2 ;not used 

13-12 CONSTANT B#XX ¡not used 

TEE REGIA PA HS  ¡RA=RS 

ott RB H#7 ;RBaR7 

E i AM2910 INSTR H#E ;continue 


RESULTING MICROWORD:  QQUuU1 SEDE ESZE (¢€xX=1) 


COMENTS 
Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set FA=FS anar E The 


ALU source (bits 40-42) are these registers and the 
destination Cbits 36-39) is RE=R7. The function (Litas 
35) ais a subtract of the source registers with the result 
being sent to RB*P?7, The Am2910 is instructed to Conta 


to the next sequential instruction. .R7 is the register 
that holds the address where the averages are to be 
stored. At this point, all the averages have been stored 
and the border must now be written. This register mes 
now be decrimented back to the starting address of the 
array, i.e., decrimented by 14H). 


SIE 


PuNeeNO.: c 0116 
DRERATION: Rl 29N9 —»— R1 


BITS DEVICE FELD VALUE EXPLANATION 

MO RPEGSRKE Q#O ;regs. spec. by pipeline 
Hu AM23203 TEN BHO ¡enable Am29203 

p OEY BHO ;connect Y bus 

Kescht? Segrek QHO  ;registers 

ea 36 DEST H#4 ¡result to Y bus € B reg 
Es Joc FORET H#1 ;subtract 

EDO anegsou CARRY BHOO ¡no carry in 

E3 eH STAT/TST Q#XX ;don't care 

ea CE) Bi Gam e laten micro stat 
ee CEM Bäi ;don’t latch macro stat 
Sage) CEMOSHF TI EIERE EI or shift 
715 CHo H#X dom t care 

ES EKRI BHI ;don’t set breakpoint 

BS) SPARE X “aoe Used 

mea lc CONSTANT — BR*XX ¡not used 

MIS REDSEL RA Pot sek 

p-d pim | Hd BESRI 

EC AM2910 MHISTE HHE ¡continue 


eee TING MIEROWORD: 0041 3FDF FSIE <(X=1) 


ESHHENTS: 
Bits 45-47 declare the source registers to be in the 
pipeline. BuerebRsre eet RA=ER3 and RB=F1. Ihe 


ALU source (bits 40-42) are these registers and the 
deeman C Dits 36-337 1s RB*R1. The function (bits 3c- 
35) is a subtract of the source registers with the result 
being sent to RB=R1. The Ame310 is instructed to continue 


to the next sequential instruction. R1 is the register 
that holds the address where the original array elements 
exist. The averaging is complete and now it is time to 
write the border values. The starting address of the 


Original array is held in R1 and is found by subtracting 
OFCH) from the register's present contents. 


a 


CTNE SNOS FONI 
OPERATION: PUSK ADD. UN STACK COET E NSS 


BITS DEVTEE FIELD VALUE EXPLANATION 

TTS RESSRE Q#X ¡don't care 

ee ame2xa3203 TEN BHl1 ¡disable Ames203 

Hs GE Y Dax ¡don't care 

ded SOURCE QÉX ¡don't care 

deco DEST H*X ¡don't care 

aoe se HUNT H#X ;don’t care 

Ep 30 anesou CARRY BHOO. males Lin 

ES SIAT/TST 0Q#XX don Core 

ES CEG B#1 ;don’t latch micro stak 
ee CET Bl ¡don't latch macro Steam 
Elec : IS HET B*+11 ;no command or Saro 
SS giu H#X ¡don't care 

15 EKPI B#1 ;don’t set breakpoint 

D SPARE X ¿not used 

IS CONSTANT B*00 ¡upper e bits of counts 
TISE REGSEL RA HO  ¡colntes data 

Pant RE HAS -load counter Ult imS 

SE AM2910 INSIR H#4 ;;push & ld ctr; Ccentimma 


RESULTING MICROWORD:. FEFE "SERE Mas Oc 





CONTENTS: 

This instruction only involves the use of the sequencer, 
hence all the don’t cares through the documentation. This 
instruction pushes the address O117CH) on the stack. This 
address is returned to as loope. The counter is also 
loaded in this microcucle so that the lcop will ES 
six times. This loop reads and write the first six 


elements of each array, the border values. 


100 


PANES NO.: 0118 
EINE MENOURYS=> Ro 


BIIS DEVENEE Eurer VALUE EXPLANATION 

ee tS RAS SRC QHO Cep, spec. by pipeline 
EH AM29203 IEN ESO ¡enable Am29203 

E mr Erl udsconnpect-.Y bus 

Est SOURCE Q#O ¡sources are recgs. 
E345 BESI H#4 ;result to y & B-reg 
as>302 PUNCT H*X ¡don't care 

E — 30 amesgo4 CARRY B*+00 ¡no carry in 

ae -2+ STATZTST Q#XX ;don’t care 

ea CEU SEN "sw laten micro stat 
22 CEN BH1 ¡don't latch macro stat 
2i- 20 ESA B*+01 ¡command enable 

35165 CKE HH3 ;memory read 

15 BKPT Bal dom t set breakpoint 
t3 SPARE X ;not used 

elc CONSTANT B#XX ¡not used 

IMSS RE Go elk RA H#1 ;memory address in Pl 
poH RB HS ¡data destination FY 

E =0 ames1o INSTR HRE ;continue 


RGNPRTTNEÉCHTEOROUBRD: —OSUF  SFD3 F1HE  (X-=1) 


BEHHENTS: 
Bits 45-47 declare the source registers tco be in the 
Pipeline. Therefore, bits 4-11 set FATR1 and RB=P}ĦH. The 


ALU source (bits 40-42) are these registers and the 
ELSE: its 36-397 15 RB=RY. The Function (bits 32- 
35) is a noop since the ALU is not connected to the Y bus. 
The ALU is enabled only to allow the loading of the data 


to RY. The command field is enabled to read from memory. 
The address to be read is held in Rl and the contents of 
that address are to be sent to RẸ. The Am?eS10 is 


EuStructed to continue to the next sequential instruction. 
Ihis operation reads the border value from memory and 
Scores the value into RY. Ri is to be then written to the 
smoothed array. 
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E LESS RORI 
OPERATION" TRI MENSIS 


SINS DEVICE MECE VALUE EXPLANATION 

SS REGSRE Q#O ;reg. spec. by pipeline 
ciet AM29203 IEN BHO  ;enable Am29203 

d (SERT BHO ¡connect Y bus 

dac O SOURCE (HO ;sources are regs. 
395305 DEST Hal ;result to y bus only 
em EBNET H#4 ¡pass through 

3I- 10 Ae CARRY BHOO ¡ma carey im 

eg-et STAT/TST "UR T Cen EE 

ea CEO B+1 ‘don’t latch micro stam 
Ee CEN BHI -don’t latch macra stam 
See? Delt BR+01 ¡command enable 

13-15 E H#3 ;memory write 

ES BKET BHI ;don’t set breakpoint 
ME SPARE X ;not used 

pale CONSTANT  BHXX ;not used 

MEB REGSEL RA H#7 ;memory address in R7 
7-4 PB Hai ;data destination FY 
3-0 AM2910 INSIR HHE ¡continue 


RESULTING MICROWGRD:  OCEe SEES Savon Gea 


COMMENTS: 
Bits “45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-ll set RA=RY and RE-RH. The 


Function (bits 32-35) is a pass through since the ALU is 
only to put the data on the Y bus. The command field is 
enabled to write to memory. The address to be written to 
is held in FR? and the contents to be written are ines 
Ihe fmceS8iO is instructed ts continue to the next 
sequential instruction. This operation writes the border 
value to the smoothed array in memory. 
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A ERNO.: -011A 
OPERATION: PERIMENT RI 


BITS BEUTOE ELECO VALUE EXPLANATION 

Eu RED RE (HO Cep, spec. by pipeline 
Eu angeseo3 IEN ERO ¡enable Am23203 

33 (SEXY BHO  ;connect Y bus 

pedo Sear EE EE EES 

EC 35 DES. H#4 ;result to y & B-reg 

Bo oo FUNCT H#4  ;incriment 

51-30 anesou CARRY EHoDncmne9wcarru in 

pcd STAT/TST Q#XX ;don’t care 

ced CEU BH1 “Hag latch micro stat 
co CEN SEN ;don't latch macro stat 
158 CHDSHFT BHXX ;don’t care 

Res LE CMD HHX ¡don't care 

15 BKPT Bal ¡don't set breakpoint 
lect SPARE X snot used 

MS 12 CONSTANT B#HXX ¡not used 

EIB REGSEL RA H#X  ;don't care 

pu RB ET RI 

Sech OCL INSTR HSE  ;continue 


pEERSLITNS MIERBUDRD:-—OOu-- 7FFF FF1E CX-12 


WEISEN TI Ea 
Bits 45-4% declare the source registers tc be in the 
pipeline. Therefore, bits 4-11 set RA=XX and PB=R4. The 


ALU source (bits 40-42) are these registers and the 
Sat ION cales S6-S9) 15 RE=R7. ~The Function (bits 32- 
Soe is an inerment of the source register with the result 
being sent to RB-E7. The Am2910 is instructed to continue 
to the next sequential instruction. R1 is the address 
that the next border value will be read from. 
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LINE NG T TONTE 
OFERAT TON: DEI THEN 


SES DEVICES STEED VALUE EXPLANATION 

cb nee Eos QHO ;reg. spec. by pipeline 
CT Aneseos TEN BHO ;enable Am29203 

en OE Y BHO  ;connect Y bus 

HERO EISE E. Q#O ;sources are regs. 
39-36 DEST Hs result to y & B-reg 
35542 FORBET HS ;incriment 

31-20 AllesO4 CARRY BHOO ;.noNsarruüu fa 

eS =e SIRMI/ISI-o QHxAX \clemee care 

es CRU B#1 -don’t latch micro stos 
ee CET BHI : don't latch macro stas 
Ee ERNEST BHXX ¡don't care 

193515 CE HSX. ;don't care 

15 BKFT Däi ¡don't set breakpoint 
dI SPARE X ;not used 

is CONSTANT B#XX ¿not used 

iS REGSEL RA HSX ;don’t care 

EAE RB H#7 BB 

o AMESITO INSTR HARE “Eume inue 


RESULTING MICR@WSRD:  QOUdM UEFA E Eer 





COMMENTS: 
Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 44-11 set FÁ=Xx and RB=R4. The 


ALU source (bits 3940-42) are these registers and the 
destination (bits 36-39) is RB=RY. The Function (blest M 
35) is an incrment of the source register with the result 
being sent to RB*R7, The Ámeé310 is instructed to contame 
to the next sequential instruction. R7 is the address 
that the next border value will be stored into. This is 
the address of the smoothed array. 


TOR 





SPERN.: OLLE 

ARA TAN” DES. COUNTER JUMP TO LOOPe IF >0 

EITS DEUTEE FIELD VALUE EXPLANATION 

o ales due RES SRC QÉX  ¡don*t care 

Hu ANS=cOS TEIN B#X ;don care 

p: DEY E ec Gem e Cate 

e = 30 SOURCE Q#HX ¡don't care 

58-36 BEST Luc Jem E Care 

25-32 PANCI Hex, don t care 

ee - 30 AM2904ł4 CARRY BROO mor carru in 

2-27 STAT/TST Q#XX ;don’t care 

23 (40) ED det latch micro stat 
ee CEM EDLcdgam t latch macro stat 
2. Z0 [SIEHT B#XX ;no command 

S= 16 ere H#X ;don’t care 

LS BRET BS1 ¡don't set breakpoint 

14 SPARE X ;not used 

1557 ie CONSTANT B#XxX ;not used 

ie — REESE RA nes «Gon t care 

ot RB HRA  ;don't care 

3 0 anesio INSTR Dic dees counter, cont. »0Q 
ESSETINS MICEROUORD: —-FPFFF  3FFF FFFB CX=13 

ESMMENIS: 

At this point, the first border value has been written to 
the smoothed array. This is to be done a total sf six 
times. Ihe counter is decrimented and tested for zero. 
Bee net wet zero, the sequencer loops back to address 
EE CHA, IF it is zero, the sequencer continues to the 


next sequential instruction. 
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LINE Noa Oink 
OPERATION: LOAD IR W/ADDFESSIO E S 


BITS ES ETECO VALUE EXPLANATION 

Ei a BEGSR Q#X -dom Lt Care 

"t am239203 TEN B#1 ;disable Ameseo3 

Pe? OEY BHO ;connect Y bus 

TESEO SOURCE Q#S ¡need DB as source 

3e- 35 DESI Hal ;don’t load the regis tes 
35-3€ FONE H#4 ;pass through 

Sea ae AMesSo4 CAREY BROO nma Garey xm 

CE STAT/TST Q#xXX ;don't care 

ES CEU B#1 ;don’t latch micro stas 
ee C I BR1 :don't latch macro stas 
pre [LT SHE T B+01 ¡enable command 

Se CHE H#2 -constant onni. 

SE BKPT BRL ;don’t set breakpoint 
TE SPARE X ;not used 

19 l2 CONSTANT  B#XX ;don’t care 

tis ISE SE RA HX Cees cane 

7 E RB H#8 :address of R8 

350 AM2910 PISTE HHE euntindge 


RESULTING MICROWBRD: ESC EE eee 


COMMENTS: 
This instruction loads the address of RB, 0008, into Wee 
ilt This is necessary so that this outer loop counter can 


be reset to count the outer loop of another nested ED 
This method of reseting the contents of a register will be 
shown in the next microinstruction. 


Loe 


MEAN: OTE 
GBPESALICON: LOAD RS WO2 


BLIS DEUTCE ETEO VALUE EXPLANATION 

SO PEGSRC (247  ;address From IRE 

E ANeseo3 IEN ESO ¡enable write 

T3 OEY PEHOTE Connect Y. DUS 

SE EL SE E Q#5 ¡need DB input 

29-36 BEST Hsu ;register 

E5-3Jc FUNCT H#4 ;pass through 

Ei — 3O AN2S04 CARRY B#00 no carry in 

aJ 2H SITAT/TSr den t care 

eo CEU fri daw E latch micro stat 
ae CERI ENT ena t latch mecro stat 
EN —cO SUS ART 8+01 ¡enable command 

dk EE EM Mex esUmstant tg BD5-ES 

15 BKPT Bai ;don’t set breakpoint 
DET SPORE X ;not used 

ds e CONSTANT  EHXX ;not used 

BEE FEGSEL RA H#O ;loading data 

peu ES He ¡load register with e 
SiO AM2910 INSIR HHE ¡continue 


meeseLlING MISEBUGRD: ES¢4 SFOS FO2E (X=1) 


SenMENTS : 
Having stored the address of R8 into the IR, the value 02 
is then sent to that register for loading. This number is 


then used as a loop counter to be decrimented with each 
passing. 


LOZ 


E le 
OPERATION: Ri + RÁ -> Ri 


ESTIS DECIES Ier ET VALUE EXPLANATION 

TAS RESTE Q#O ;reg. spec. by pipeline 
Ha am23203 IEN ESO ¡enable ÁAm22203 

a BIEN BHO  ;connect Y bus 

tes 0 SOURCE QHO ¡sources are regs. 

EI cs DEST H#4  ;result to uy 2 Bored 
deu FUNCT HS? ¡add 

Soo AM290ł CAREY BROO swemess ce sam 

eg- 2g STAT/TSI BRXA dom wears 

E ER SEN -don’t latch micro Stee 
ce EE B#1 : don't latch macro Sto 
Eu O EMBSHF & B#01 ¡command enable 

(ISS Ee HHF > ¡mea 

15 BKPT B+1 ¡don't set breakpoint 
r3 SPARE X ;not used 

isse CONSTANT B#XX ¿not used 

TIS REESE RÁ HHA  ¡PA=PA 

VE EB HHl BEI 

3-0 aneslo INSIR HHE Ase Semel mue 


RESULTING MICRGUSPEH. Q@22 REO" OUEST 


COMMENTS: 
Bits 45-97 declare the source registers tc be in the 
pipeline. Therefore, bits “4-11 set FA=FRA and RBA The 


ALU source (bits 40-42) are these registers and the 
destination (bits 36-39) is RB=R1. Ihe Function (bles eee. 
35) is an add of the source registers with the result 
being sent to RB=R1. The AmesiO is instructed ta continue 
to the next sequential instruction. Ri is the register 
that holds the address of the neighbor to be read. Fi is 
incrimented by three to pass over the averaged values and 
load the border values for writing over to the smoothed 
array. 


as 


BESDIESNOI.: Oleo 
BISSGSOITDEN: R7 = RA -> R7 


DIS BEIGE Eh) VALUE EXPLANATION 

Eu BDO RE QHO  ;reg. spec. by pipeline 
E Ane 9203 TEN BHO ¡enable Am29203 

Gly BRO Secsnnect Y bus 

RE) S@@RCE QHO ;sources are regs. 

ee - 35 DESI fet „result to y & B-reg 
25-32 FUNCT HH3 ¡add 

ERES SO ame2904 CARRY BOG mewcarruy in 

29-24 SISI/TITST U#XX ;dƏn’t care 

ped CEW B+1 Tae t= latch micro stat 
or CEI B#1 ;don’t latch macro stat 
el 20 (EB SHIT BROl1 ¡command enable 

a> 15 CHo HHF ; neep 

jt BRET BHI ;don’t set breakpoint 
UE SRARE X - not used 

ma =12 CONSTANT  BHXX ¿not used 

i= IER SEE RA HHA  ¡RA=RA 

Esc RB HH? | Re R7 

Ss amexa10 NS HHE ¡continue 


ARAS UETINE MIERDWORD: 0043 3FDF FAVE CX-12 





Se QnENTS: 
Bees 15-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RA=FA and BB-E7. The 


ALU source (bits 40-12 are these registers and the 
aan cOteS 3839) is RB=R7. The function (bits 3c- 
35) is an add of the source registers with the result 
Re ng sent to RB=R?. The AmeS10 is instructed to continue 
NENE rosEmMEmpldgI Instruction. Ry 1s the register 
that holds the address where the next border value is to 
be written. Tt must be incrimented by three to pass cver 
the averaged values already written to the smoothed array. 


rog 


E Ee EE 


EXPLANATION 


EE 

OPERATION: “RUSA ADO TON STA 
BITS Pa: PIECE VALUE 
TaS PE DSRC QHX 
Bs: AMesSeC3 TEN ERI 
ER HET BHX 
eae EISE QX 
derum ism H#X 
Es FONET H#X 
O AM2304 CARRY B#00 
po SIAT/TST Q#XX 
es ie BH1 
ee EEN B+1 
cce ENBSHD B+11 
13516 CHLD H#X | 
US BKPT BHI 
13 SPARE X 

a E CONSTANT B#OO 
PAS REGSEL RA HSC 
Cs RB H#1 
See anesio INSTR Hau 
PESULTING HIICmHBUBEDI BITS UEM 


CONTENTS: 


This 


ISCI CCION 


only involves the use of the 


Adom cabe 

disable Ameda203 

don’t care 

-dem t care 

¿don’t Care 

;don't care 

memcdrprrtu xm 

“dem t Care 

“don’t latch micro seais 
-don*t latch macro stem 
-nG command er shies 
;don’t care 

;don’t set breakpoint 
snot used 

upper e bits of GC 
; counter data 

-Load countsrveu tm 
:push & ld ctr, concime 


EGP ST 


sequencer, 


hence all the don't cares through the documentation. This 
instruction sets the address EISE TAES 
address is returned to on the loopt. The counter is also 
loaded in this microcycle so that the loop will execute 


two times. 


MO 


tig .:- Obee 
maeparmM: MEMORY => RHY 


BITS DEGTCE PETELE VALUE EXPLANATION 

E O REGSRC Q40 ;reg. spec. by pipeline 
T AMNeS203 TEN BHO ¡enable Am23203 

nus fS sd BH1 ;disconnect Y bus 

A BO SGURCE Q#O ;sources are regs. 

9-36 DEST H#4 result to y & B-reg 
5-32 BENET H#X ;don’t care 

EM 30 eme CARRY 500. natcarcy in 

ae—ct STaT7 TETAORXX ¡don't cere 

23 CEU B#1 domi t latch micro stat 
cie CET ESI dem t latch macro stat 
al -20 (PEST B+01 ¡command enable 

5516 CMD HH3 ¡memory read 

15 BKET B#1 ¡don't set breakpoint 
IST SPARE X ;not used 

ilo CONSTANT  BHXX ;not used 

LS ERIESEE RA H#1 ¡memory address in Rl 
p PB HS ¡data destination Ri! 
BO AMELO INSTR HRE ;continue 


SUL TING MICPROWOROD: OBNF  3FD3 F14E  —(X=1) 


EBUIMENTS: 
Bits 45-47 declare the source registers to be in the 
Pipeline. Wreresoere. bats T 11 set PA=PR1l and PB-EKEM. The 


ALU source (bits 40-42) are these registers and the 
Ecmetrlion (bits 326-39) is RB=RFY. The Function (bits 3e- 
35) is a noop since the ALU is not connected to the Y bus. 
The ALU is enabled only to allow the loading of the data 


to RY. The command field is enabled to read From memory. 
Ihe address to be read is held in P1 and the contents of 
that address are to be sent to FH. Ihe Am2310 is 


instructed to continue to the next sequential instruction. 
This operation reads the border value from memory and 
stores the value into RM. 


ELI 


LINE NEON: Ores 
ESTIS NBI M» Da eod 


BS DESEE FIELD VALUE EXPLANATION 

LS RES RE QRO ;reg. spec. by pipeline 
ao ANeS2eo03 LEN BHO ¡enable Ame2s3203 

eE QEY BRO ¡connect Y bus 

Me EO) SOURCE Q#O ;sources are regs. 
ELS BEST Hal ¡result to uy bus omn" 
EL IE FENCI H#4 ;pass through 

so anesou CARRY BHOO .ngMESrtr Pm 

2g et SIAT/TST  QÉéXX ¡don't care 

eo CEW B#1 -dom’t latch micro Sum 
ee CEN B#1 -don’t latch macra stas 
CISEU ees B*+01 ¡command enable 

Jor CHE H#3 ¡memory write 

15 BKPT B#1 ;don’t set breakpoint 
E SPARE X : ntf used 

de CONSTANT BR*XX ¿not used 

PES REESEL RA H*7 ¡memory address in P7 
eo RB H#4 ;sdata destination RY 
e) AM2910 INSIR H#E ¡continue 


RESULTING NICROWORD: QOCt “SEES PERO CUN 





EOMMENTO: 
Bits 45-847 declare the source registers tc be in the 
pipeline. Therefore, bits 4-11 set RA=R7 and RB=R4. The 


Function “(bits 32-353 is a pass through since the ALU is 
only to put the data on the Y bus. The command field is 
enabled to write to memory. The address to be written to 
is held in R7 and the contents to be written are in Rt. 
Ihe AÁAme310 is instructed to continue to the news 
sequential instruction. This operation writes the border 
value to the smoothed array in memory. 


ive 


LINE NO.: 0124 
OPERATION:  INCRIMENT R1 


ELITS DR PIECO VALUE EXPLANATION 

B215 eos k Q#O ;reg. spec. by pipeline 
Eu Angsee3 LEN BHO ¡enable Ame239203 

73 DEY BrO connect Y bus 

EO SDURCE Q#O ¡sources are regs. 
5-35 DESI Het result to y & B-reg 
g5- 32 FUNCT nc umeriment 

ZN —3O ANeS04 CARRY 800. me carry in 

25-21 Sii TS iO don t care 

ag CEW Eram Gen t latch micro stat 
E CEM Brel ces E latch macro stat 
ai 20 ENS BHXX ¡don't care 

P3715 Chis H#X ;don’t care 

15 BKE B#1 ¡don't set breakpoint 
EH SPARE X «not used 

Pa le CONSTANT B#XX ¡not used 

IE Reese: FA H*X ¡don't care 

nu PB KHL Ros xl 

370 AM2910 INSTR HEEE. "Bear nus 


EE EENS MICEQUSERD: -0044 ZFFE FF1E (X1) 








COMMENTS: 
Bits 45-47 declare the source registers to be in the 
Pipeline. Therefore, bits 4-11 set PA=XX and PB=Pi. The 


ALU source (bits 40-42)? are these registers and the 
m=eseimatian (bits 36-392 is RB=R1. The Function Chits 32- 
35) is an incrment of the source register with the result 
E-ong sent tg RB=R1. The AmeS10 is instructed to continue 
to the next sequential instruction. R1 is the address 
that the next border value will be read from. 


ES 


CENE SNOT: "TOTES 
OPERATION: PNER TNE eer 7 


Bits DEJE RECO VALUE EXPLANATION 

EPT PRESSRE Q#O ;reg. spec. bu pipeline 
SERE anes2zo3 IEN BHO ¡enable Am29203 

ES DEY BHO  ;connect Y bus 

fon O SOURCE QHO ¡sources are regs. 
um BEST Ht ¡result to y € B-rsSg 
dos rene. H#4 imeri ment 

nsi anasou CARRY BHOO ¡no carry in 

eget STAI/ISI G#XX ¡den £ care 

e CEO SEN ‘don’t latch micro Stam 
Ce Gen B#1 ;don’t latch macra stat 
erc) SESCH BHXX ;don’t Care : 
PERS CMD H#X ;don’t care 

1 BREE SEN :don't set breakpoymE 
IM SPARE x ;not used 

13-12 CONSTANT B#XX ¡not used 

18 Reese | PA H#X don - cars 

-t PB H#7 ¡REE 

24-1) amesg1o INSTR H#E ;continue 


RESULTING MICRGWERD: —OO0H" TA rr cn 





COMENTS: 

Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 1-11 set. RA=XX and FESE The 
ALU source (bits Y%O-t2) are these registers and the 


destination (bits 36-391 is RE=F7. The function (Di CS Een 
33) is an incrment of the source register with the result 
being sent to PE=R?. The Am2910 is instructed to continue 
to the next sequential instruction. R7 is the address 
that the next border value will be stored into. This is 
the address of the smoothed array. 


lt 


AE NO.: 0126 


OPERATION: 
DEVICE 


Aregega 


anegou 


I ESSED 


etes e 


pSSLIING MICROWORD: 


BNUNMSENTS: 

Ihe counter 
uet zero, 
mE is Zero, 
Gees E Lon, 


NEG. 


GeRi tees, JUMP ere 
PIECO VALUE 
REGSRCE QHX 
TEN B#X 
DEY BRX 
BBC E Q#X 
DESI Ht X 
FUNC T H#X 
CARRY B#00 
SIAI/TSI QHXx 
CR! B+1 
CEN BH1 
Ce Sie BHXX 
CMD HS: 
BKPT BH1 
SPARE X 
CONSTANT BRXA 
RA HS: 
RB H#X 
INSIR H#6 

Bio SERF 


H5 


Pearl IF zt 


J 


on E 


EXPLANATION 


cane 


t care 


Sas 
care 
carne 
cane 


apossarri in 
;don't care 

Cam laten micro stat 
don't latch macro stat 
;no command 


el eis 


t care 


;don't set breakpoint 
not used 


MOE 


used 


«don't care 


dar 


“Gee. 


HEES 


t care 
counter, 


Cx-TI 


is decrimented and tested for zero. 
the sequencer loops back to address OleltH). DE: 
the sequencer continues to the next sequential 


Sant. >—0 


ie = not 


LINE NO:7 TOLET 





OPERATION: RB - 1 -> RB, LATCH NERS ieee 

Bits DEVICE FIERD VALUE EXPLANATION 

pi EE QHO ;reg. spec. by pipeline 
oo fig cie IEN BHO ¡enable Am2S3203 

ES Giese ESO  ;connect Y bus 

docu SOURCE Q#O  ;sources are regs. 

29- 35 DEST HRS deeri ment Bym 

J e PUNCT HO ¡special function 

at 0 anesod CAREY BROl1 ;decriment buy 1 

gc STAT/TST Q#XX ;latch ALU output 

23 eu B+1 - lagen Micra Stat 

aa CaN BH1 -don’t latch macro stan 
ee EMBSAFT Bäll ne "cenmanda 

TS dO t Hat  ;noop 

15 EMIT B+1 ¡don't set breakpoint 
1s: SPARE X ;not used 

jus ad CONSTANT BHXX ¿not used 

To 5 REESE RA HFX -dan -care 

ert EB H#l  SEBZRS 

CE AM2910 INSTR H#9 ;continue 

RESULTING MICROWORD: 0030 SO7F FEBE (X=) 

COM MENS: 

Bits 45-47 declare the source registers to be in the 


pipeline. InereFore, bits 4-11 set RAexx 2nd FEST Ihe 
ALU source (bits 40-42) are these registers and the 
destination (bits 36-39) is RB=R9, Ihe function Cbr: 
35) is a decriment of the source register with the result 
being sent to EB*RB. The Am2310 is instructea to contame 
to the next sequential instrucelon. The microstatus 
register is also latched. It will be tested on the neng 


microcycle for zero. This is the outer loop test. 


116 


OO ERNO.: 0128 

DEARA ON ROEE COUNTER, JUMP T0 LOOP3 IF >0 

BETIS Be Vee ORAR VALUE EXPLANATION 

E I5 ftem E Q#X ¡don't care 

KR AñÑ23203 IEN BHX ¡don't care 

ps OEY BHX ¡don't care 

Bee +O SEEBREE QHX ¡don't care 

AS -36 DESI H#X ;don’t care 

5-32 FORCI H*X ¡don't care 

I — 30 ES CARRY BHOO ;no carry in 

EN A SIS To e Cest micro-Zero 

E CEC Ett” aam C latch micro stat 
ee CEN B#1 Gamel aC macro start 
EN -cO Chester B+01 ¡enable command 

la 16 C Ma” cess micgo-* CT 

15 BKPT BH1 ;don’t set breakpoint 

lE SPARE X «not used 

1c PS ION Ci ae of loop address 
Mg Reese RA H#1 ;loop address 

pu RB H#F  ;loop address 

Sec AMeS10 INSIR Heo ESP to loops 7 test neg 
RSSULTING MICROWOPD: "FFFF DMDS D1F3 (X21) 





BEPMMENTS: 

Ihis 

pne Outer loop counter. 
sequence continues. MN tE 
deen 2. 


CIZ 


instruction tests the results of the decriment of BH, 
If the result 
the sequencer loops back 


Was 


OCINE NO: OMS 

OPERATION: IRM IRAT TR] 

BITS EE RIELA VALUE EXPLANATION 

Tala REESPCE Q#O ;reg. spec. by pipeline 
F3 AN2S203 IEN ERO ¡enable Am23203 

Hs Gay BHO  ;connect Y bus 

Has SURE E QHO ;sources are regs. 

33239 DEST Ha ¡result to y «"a-Den 

se yr FUNET HH3 ¡add 

aia O ANeSsO4 CARRY BROO MENE Eu A 

gg STAI/ISI QUSXX acne a e 

es (EU BH1 ¡don't latch micro Seam 
ee CEM BRI -don’t latch macro stam 
Ep [IESIET B48O1 ;command enable 

19515 Cop H#F  ;noop 

T BIE 1 B+1 ¡don't set breakpoint 

T SPARE X ;not used 

tasa CONSTANT  B&8XX ;not used 

TISA ea E RA HHA ;RA=RA 

PE RB H#i RIETI 

ee AM2910 MISIR H#E Continue 

RESULTING MICROWORD: 0043 3FDF FALE cCX=13 

CIENT S 

Bits 145-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RA=RA and FB=R1. The 
ALU source (bits “40-421 are these registers and the 
destination (bits 36-39) is RB=R1. The function (hvac 
353 is an add of the source registers with the result 
being sent to RB=R1. The AmeS10 is instructed to continue 
to the next sequential instruction. The address cf the 
next neighbor to be read is incrimented by 3 to get by the 


averaged values. 


TIB 


CINE NO.: <OIT2A 

MRERATION: RZ + RA —> R7 

BLIS DEVICE FITERO VALUE EXPLANATION 

2-45 REGSRC Q#O ;reg. spec. by pipeline 
e ANe3E0 3 IEN BHO ¡enable Ámex3203 

2 BEY BHO ;connect Y bus 

awe 0 SOURCE Q#O ;sources are regs. 

29-36 BEST H#4 ;result to y & B-reg 
235-32 FUMET HH3 ¡add 

EO edes CARRY BFOOT MA Carry in 

29 ct STAT/TST Q#XX ;don’t care 

2g CEU B#1 Cam e L3ECh micro stat 
ae CEM B#1 “eget latch macro start 
el Z0 EMS E BHO1 ¡command enable 

MaS 16 CHE H#F ;noop 

15 BNET BH1 ;don’t set breakpoint 

SCH SPARE X ;not used 

LE e CONSTANT B#XX ¡not used 

BE REGSEL RA HĦ#A ; RA=RA 

EH RB HE/Z | REmTMR/ 

Ba ameg10 INS PR HRE SENT INuUe 

meee liNG MICROQWORO: 0043 3FDF FAVE C(X=1) 

COMMENTS: 

Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set RA=RA and RBB-E7. The 
ALU source (bits H0-42) are these registers and the 
Aestination. (bits 36-39) is RB=R7. The Function (bits 32- 
35) is an add of the source registers with the result 


REMngC sent to RB=R/. Ihe Ames10 is instructed to continue 
to the next sequential instruction. The address where the 
next border value is to be stored is incrimented by 3 to 


pass over the averaged values. 


eS 


ENE MO. SES 
OPERATION: PUSH ADD. ON STACK, Beare oS 


BIS DEI CIELE VALUE EXPLANATION 

ASEO REGSSRCE Q#X ;don’t care 

chat AM29203 TEN B#1 ¡disable Am29203 

+9 GEY B#X ¡don't care 

HE =30 SOURCE Q#X ;don’t care 

de 35 Hesr HA dest care 

E FUNET ad ¡deme care 

que) ANeSO4 CARRY B#00 -nomenar m 

29g et STAT/TST Q#XX ;don’t care 

ea ie B+1 :don' t latch micro stem 
ae CEN Bal ;don’t latch macro stat 
erce Shes] i B+11 ¡not command er shire 
13°15 CAD H#X «don't care 

15 BRET BHI ¡don't set breakpoint 

Tu SPARE X «not used 

oe CONSTANT B#OO ;upper e bits ot concen 
jode 8 REGSEL PA H*0 ¿counter data 

Cot RB Ha ;load counter with 5 

3=0 AM2910 INSTR H#% ¡push ££ ld ctr, cantinas 


RESULIING MICROWORD: .EEEF SWEF Jeeeh eae 


COTTIENTS: 

Ihis instruction only involves the use of the sequencer, 
hence all the don’t cares through the documentation. This 
instruction pushes the address O12BCH) an the stack. This 
address is returned to as loop5. Ihe counter is arso 
loaded in this microcycle so that the loop will” Bree 
Six times. This loop reads and write the lasts 


elements of Gach array, the borders yvyaluess 


feo 


EENISOND.: -Olcrct 
EESSOOGIDON:  MEPMDPY -» RH 


IET S DESEE FIELD VALUE EXPLANATION 

a IO EE Q#O ;reg. spec. by pipeline 
E aneaszco3: IEN ERO ¡enable Ame23203 

es EY Däi  ;disconnsect Y bus 

pee — tO SOURCE QRO ¡sources are regs. 

8-36 DES HIM esHlt to y & B-reg 

e 32€ FORET H#X don't care 

EN -— 30 AM290#ł CARRY BOCE MO Carry in 

Ec Statist 844% dön t care 

ES CEG B#1 dom e latch micro stat 
ee CE BHI ;don’t latch macro stat 
2i 20 (RESET BRHOl ;command enable 

i -—15 CMD H#3 ¡memory read 

LS BEET B#1 ¡don't set breakpoint 
TA SPORE X Hae used 

fe le CONSTANT B#XX ¿not used 

P- FEGSEL RA H+1 ¡memory address in Pl 
pu E H#4 ¡data destination Pu 
ED AM2910 INSTR HHE can tine 


NES UETING MIERCUSORD: —084F  3PFD3 FItE (X=1) 


CAMENTS: 
Bits 45-4% declare the source registers to be in the 
pipeline. Therefore, bits “4-11 set RA=R1 send Reck, The 


ALU source (bits ĦY0-ł20 are these registers and the 
REENEN te PRPE=F4. Ihe function (bits 32- 
352) is a noop Since the ALU is not connected to the Y bus. 
The ALU is enabled only to allow the loading of the data 


to FY. The command Field is enabled to read From memory. 
The address to be read is held in P1 and the contents of 
that address are to be sent to RM. Ihe Am2910 is 


instructed to continue to the next sequential instruction. 
This operation reads the border value from memory ang 
SeeeeS the value into RM. RY is to be then written to the 
smoothed array. 


üben d 


LINE NG. > “Gen 
OPERATION Fa =o ee 


BITS ES Els VALUE EXPLANATION 

EUH REGERE Q#0 ;reg. spec. by pipeline 
T ANeS203 IEN BHO ;enable Ameg203 

43 DEY BRO ¡connect Y bus 

TE PEO SESPEE Q0 ¡sources are regs. 

iE DEST H#C ¡result to y bus cnly 
EE e FUNCT Hä  ;pass through 

de ANeg04 CARRY BHOO ; nocar: g ia 

cs ot SIAT/TST OFxXX dom ES3EE 

as CEU BHL ;don’t latch micro stam 
ee GER BHI -don’t latch macro sta 
eres en CMS i EROl ;command enable 

Iul CMD H#3 ¡memory write 

15 EKPT E*1 ;don’t set breakpoint 
mE SFARE X snot used 

DT m CONSTANT  B8XX ;not used 

TGSS REGSEL RA H*? ¡memory address in R7 
Tet RB H#4 . data destination EM 
anao anesgio INSTAR HE. ¡COMErnue 


RESULTING MNICROWGRD:  O0OCY% SFD Wine em 


CONDENIS: 

Bits 45-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-11 set FA=skR/ and Ren The 
function (bits 32-353 is a pass through since the Alaa 
only to put the data on the Y bus. The command TOMAS 
enabled to write to memory. Ihe address to be written te 
is held in R7 and the contents tc be written are in Fr. 
Ihe AmeS10 is instructed to continue to the nes 
sequential instruction. This operation writes the border 


Value to the smoothed array in memory. 


MEE 


ANET TNO.: OlECÉ 
OPERATION: MIERINENT R1 


BIS DEUTCE FIELD VALUE EXPLANATION 

ae tS REDEE Q#O ;reg. spec. by pipeline 
a9 aneseo3 IEN ERO ¡enable Amesxsg203 

43 QEY BHO ¡connect Y bus 

ee SL SOURCE QHO ;sources are regs. 
EE DEST Det  —Sesult to y 2 B-reg 

Bs Jc FUNCT H844 ;incriment 

gr- 30 AMesox CARRY BOOR NOT Carry in 

mue STAT/TST  Q8XX ;don't care 

as CEU EST don c latch micro stat 
E CEN Bel dem t latch macro stat 
ER eO [IBSHIEI BHEXX ;don’t care 

ma-16 EMD H#X ¡don't care 

15 BKET B#1 ;don’t set breakpoint 
ert SPARE A snot used 

fas 1 2 CONSTANT  B*XX ¡not used 

a —8 REGSEL PA H#X dom t cars 

peu PB He eee EST) 

bk anaesio INSIR HRE — comt:nuue 


BESBULTING MIEROWORD: 00H44 ZFFE FF1E (X=1) 


ESMMENTS: 

Bits 45-47 declare the source registers to be in the 
pipeline. Miueperoarg brts 4-11 set PA=XxX and PB=P*", The 
ALU source (bits 6340-42) are these registers and the 
Meee acc DI ES 36-39) 1s RB=RY. The function (bits 3z- 
35) is an incrment of the source register with the result 
Seema Sent ta EB-E?7. The AmeS10 is instructed to continue 
to the next sequential instruction. Fl is the address 


that the next border value will be read from. 


T23 


LINE ING ss) eer 
OPERATION: PINE Dag 


BITS DESTE PIECE VALUE EXPLANATION 

II RPEGSEE (HO ;reg. spec. by pipeline 
HE AM29203 IEN ERO ;enable Am29203 

Ta Ga BHO  ¡COAAeEr NDES 

testo SORE Q#O ¡sources are rags. 
239535 DEST H#4 resutt to y 2 Bases 
33238 UNE mice : 1¡MESTMenE 

de ame2so4 CARRY BHOO ;rnoN SEED T 

ES STAT/TST QHXX ;don' t care 

23 CEU SEA : don't latch micro SEM 
ee CEN SEA «don*t latch macro stat 
mc Gest BHXX ;don't care 

19-16 Cmi HH#X dont care 

i BKET EB+1l ;don't set breake rme 
et SPARE X snot used 

qo CONSTANT  BHXX ;not used 

Je RES RA H#X ¡don't care 

eae RE H#7 — PESE 

Ta? AM2910 INS TR HUE ;continue 


RESULTING MICROWORD: Q049 755) DINE cen 





PONES: 
Bits 445-47 declare the source registers to be in the 
pipeline. Therefore, bits 4-ll set RA=XX and Fam The 


ALU source (bits 40-42) are these registers and the 
destination (bits 36-39) is RE=R7. The function (bits 
35) is an incrment of the source register with the result 
being sent to RB=F7. The AmeS1iO is instructed to cone T 
to the next sequential instruction. R7 is the address 
that the next border value will be stored into. This is 
the address of the smoothed array. 


La 


aie. (0130 


OPERATION: 


AM29203 


AMNeS04 


moose 


12910 


PA OLCIING MICROWORD: 


EME NTS: 

S this point, 
smoothed 
The counter 
uet zero, 
mee iS Zero, 
Euctruction 
halted. 


BEC: 


cO 


BS I3 


the a border 

Ihis is to be done a total 
is decrimented and tested For zero. 
the sequencer loops back to address O12BCH). 
the sequencer continues to the next sequential 
is a breakpoint, 


PONER OIE E 
EES VALUE 
FESSRE Qux 
PET EHX 
OEY B#X 
SORRE E Q#X 
DBEST H#x 
FUNCT HHX 
CARR T BHOO 
SIRMI/ISI  QH8XX 
[sd BH1 
CER E81 
CHSSHET B#XX 
Cis H#X 
BKPT B+1 
SPARE X 
CONSTANT BRXX 
RÁ H#X 
RB H#xX 
NS H#8 

E SEE 





value has been written ta 
OF six 


MES 


Bers, IF. »0 


) 


Sao” E 
xclor È 


EXPLANATION 


are 


"mSEgrru rnm 
don E cars 

Sener baten "micro stat 
[em Prlfaeen maczo stat 
;no command 
Sun: E Cane 


¿adan E set Breearaeint 


;not used 
;not used 
«dan tcare 


Scan: 


“Gee. 


¡Ms 


D 


t care 
COUNEST , 


(=l 


e., the 


[Sc 


TE 


psut-ins 


>0 


the 
times. 
not 


rU 
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